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(57) ABSTRACT 

A light-emitting diode (LED) dimmer for an LED lighting 
device, including a power Switch, a drive Voltage Supply, and 
a LED light-emitting unit. Operating Zones of the LED light 
ing device are changed in accordance with the Switching of 
the power Switch, and a dimming level for a next operating 
Zone is determined on the basis of the dimming level and time 
while the power Switch was on during the previous operating 
period. 
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1. 

LED DIMMER, LED LIGHTING DEVICE 
COMPRISING SAME, AND METHOD FOR 

CONTROLLING DIMMING OF LED 
LIGHTING DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is the National Stage of International 
Application PCT/KR2013/003576, filed on Apr. 25, 2013, 
and claims priority from and the benefit of Korean Patent 
Application No. 10-2012-0043296, filed on Apr. 25, 2012 and 
Korean Patent Application No. 10-2013-0046086, filed on 
Apr. 25, 2013, which are incorporated herein by reference for 
all purposes as if fully set forth herein. 

BACKGROUND 

1. Field 
The present invention relates to an LED dimmer, an LED 

lighting device including the same and a method for control 
ling dimming of the LED light emitting device, and more 
particularly to an LED dimmer capable of controlling lumi 
nance of an LED light emitting device according to Switching 
operation of a power Switch, an LED lighting device includ 
ing the same, and a method for controlling dimming of the 
LED light emitting device. 

2. Discussion of the Background 
Dimming operation of a light emitting diode (LED) refers 

to operation of changing luminance or brightness of an LED 
lighting device according to external disturbance applied 
thereto, and an LED dimmer refers to a device that performs 
a dimming control function within Such an LED lighting 
device. Such an LED dimmer is provided to an LED lighting 
device in order to reduce power consumption of the LED in 
the LED lighting device while securing efficient operation 
thereof. 

Particularly, heat generated from the LED due to continu 
ous light emission of the LED causes deterioration in effi 
ciency of lighting operation. In addition, although use of DC 
Voltage for the LED lighting device does not require separate 
rectification operation and allows the LED lighting device to 
directly employ line power, there is a limit in application. 
On the other hand, use of alternating current power 

requires separate rectification operation for efficiency 
improvement in power use and allows the LED lighting 
device to perform light emitting operation using a rectified 
DC voltage. Particularly, an LED lighting device employing 
an LED has a problem in terms of efficient use of applied AC 
power. Particularly, luminance or power supply of the LED 
lighting device must be controlled according to user input, 
operation conditions, or states of the LED lighting device. 

In order to control luminance of Such a lighting device, 
various types of dimmers are used. In addition, to receive user 
input for controlling luminance of the lighting device, various 
dimmer Switches are used. As such a dimmer Switch, a dial 
type dimmer switch capable of controlling not only on/off of 
the lighting device but also a dimming level thereof is broadly 
used in the art. When such a dial-type dimmer switch is used, 
the dimming level of the lighting device is determined by a 
user adjusting the dial-type dimmer Switch, and luminance 
control of the lighting device can be easily performed accord 
ing to the determined dimming level. However, a lighting 
device configured to control only on/off of the lighting device 
using a non-dial-type Switch (for example, a button type 
Switch, a latch type Switch, and the like) requires dimming 
control, but has a problem of difficulty in dimming control. 
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2 
Accordingly, various techniques for performing dimming 
control of the lighting device using the non-dial-type Switch, 
that is, techniques relating to the Switch dimmer, have been 
actively developed. One example of conventional techniques 
relating to the switch dimmer is disclosed in U.S. Pat. No. 
4,649,323 (Patent Document) entitled “MICROCOM 
PUTER-CONTROLLED LIGHIT SWITCH, in which 
luminance of the lighting device is controlled using a pair of 
non-latch type switches. More specifically, the invention 
(Conventional Technique 1) disclosed in Patent Document 1 
is configured to increase or decrease luminance of the lighting 
device by determining the case where one of switches is 
pushed for a long period of time as a “preset' mode based on 
a pushed State of the Switches, and to store luminance of the 
lighting device at a point of time when no Switch is pushed by 
a user. In addition, Conventional Technique 1 is configured 
such that, when one of the switches is pushed for a short 
period of time (that is, when the Switch is tapped), current 
luminance of the lighting device can be changed to a preset 
level, a full-on level, and an off level depending upon the 
pushed Switch (a luminance increase Switch or a luminance 
decrease switch). However, such Conventional Technique 1 
has problems in that i) a user must perform a separate preset 
setting process; ii) two Switches dedicated for dimming are 
required; iii) this technique can be applied only to a button 
type Switch and cannot be applied to a latch type Switch; iv) it 
is necessary to measure a period of time for which the switch 
is pushed by a user, V) this technique does not allow accurate 
control of luminance, and the like. On the other hand, in order 
to solve the aforementioned problems, U.S. Pat. No. 7,235, 
933 (Patent Document 2) entitled “REVERSIBLE DIMMER 
DEVICE OF GAS DISCHARGE LAMPS AND THE CON 
TROL METHOD FOR LIGHT ADJUSTING THEREOF 
discloses a technique capable of controlling luminance of a 
lighting device using a single power Switch that can turn 
on/off power input to the lighting device. The invention (Con 
ventional Technique 2) disclosed in Patent Document 2 is 
configured to detect a state of the power Switch in response to 
user manipulation and to control luminance of the lighting 
device according to state variation of the power switch. More 
specifically, Conventional Technique 2 controls luminance of 
the lighting device based on the number of On/Off times and 
timing by recognizing the case where the power Switch is 
rapidly turned off/on in a short period of time in response to 
user manipulation as a user command for luminance control. 
However, Conventional Technique 2 is a lighting device 
based on sensing of power Switch off-time and has a problem 
in that this technique requires a power storage device for 
power Supply to a logic control circuit during off-time. That 
is, since Conventional Technique 2 necessarily includes the 
power storage device Such as a capacitor, there are problems 
in that the lighting device has a complicated circuit configu 
ration, is difficult to achieve size reduction, and has short 
lifespan due to short lifespan of the capacitor. On the other 
hand, as another example of the lighting device based on 
off-time sensing, US Patent Publication No. 2010/0148691 
(Patent Document 3) entitled “DRIVING CIRCUIT WITH 
DIMMING CONTROLLER FOR DRIVING LIGHT 
SOURCES' discloses a dimming control technique that is 
very similar to Conventional Technique 2. FIG. 1 is a block 
diagram of an LED lighting device according to an invention 
(Conventional Technique 2) disclosed in Patent Document 3. 
As shown in FIG. 1, the lighting device according to Conven 
tional Technique 3 includes a power switch 04, an AC/DC 
converter 06, dimming controller 08, a power converter 10, an 
LED string 12, and a current sensor 14. The power switch 04 
serves to selectively apply AC voltage to the LED lighting 
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device in response to user manipulation, and the AC/DC 
converter 06 outputs DC voltage by converting the input AC 
voltage into the DC voltage through full-wave rectification by 
a bridge diode, and the power converter 10 receives and 
stabilizes the DC voltage to supply stabilized power to the 
LED string 12. With regard to dimming control function of 
the LED lighting device according to Conventional Tech 
nique 3, dimming controller 08 is configured to monitor an 
operation state of the power switch 04 by monitoring whether 
DC voltage is input from the AC/DC converter 06, and to 
change the dimming level each time of detecting turn-off 
operation of the power switch 04. That is, in Conventional 
Technique 3, dimming controller 08 is configured to change a 
counter value each time of detecting that the power switch 04 
is turned off, and to perform dimming control of the LED 
lighting device according to a changed counter value when 
the power Switch is turned on again. To perform this function, 
dimming controller 08 of Conventional Technique 3 must be 
maintained in a driven state while the power switch 04 is 
turned off, that is, during off-time, and thus the LED lighting 
device of Conventional Technique 3 includes a capacitor C10 
configured to Supply power to dimming controller 08 during 
off-time. However, Conventional Technique 3 has problems 
in that i) since it is necessary to detect the operation state of 
the power Switch 04, the lighting device has a complicated 
circuit configuration; and in that ii) since the lighting device 
necessarily includes an energy charge/discharge device. Such 
as a capacitor and the like, for Supplying operation power to 
dimming controller 08 during off-time, the LED lighting 
device has a complicated circuit configuration, is difficult to 
reduce in size, has short lifespan due to short lifespan of the 
capacitor, and requires high manufacturing costs. Moreover, 
Conventional Technique 3 has problems in that (iii) since 
input power passes through the capacitor that is a power 
Source in an off-state, discordance between input current and 
input Voltage causes decrease of power factor (PF) and 
increase of total harmonic distortion (THD); and (iv) since 
dimming controller 08 must perform sensing operation prior 
to other operations when the power switch 04 is turned on and 
Supply power again, time delay occurs in operation stabiliza 
tion of the LED lighting device, causing very unstable opera 
tion due to rapid variation of power. 

PRIOR DOCUMENTS 

(Patent Document 1) U.S. Pat. No. 4,649,323 
(Patent Document 2) U.S. Pat. No. 7,235,933 
(Patent Document 3) US Patent Publication No. 2010/ 

O148691 
(Patent Document 4) JP Patent Publication No. 2009 

110914. 

SUMMARY 

The present invention has been conceived to solve such 
problems in the related art. 

It is an aspect of the present invention to provide an LED 
lighting device that can control luminance using a non-dial 
type Switch. 

It is another aspect of the present invention to provide an 
LED lighting device that does not require separate sensing 
operation during off-time. 

It is further aspect of the present invention to provide an 
LED lighting device that does not require a separate off-time 
power Source for Supplying drive power to a control signal 
generation unit, which performs luminance control of the 
LED lighting device, during off-time. 
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4 
It is yet another aspect of the present invention to provide 

an LED lighting device that measures on-time of the LED 
lighting device to maintain user-preferred luminance through 
automatic determination of the user-preferred luminance. 

Features of the present invention for achieving the above 
and other objects and advantageous effects of the invention 
will be hereinafter described. 

In accordance with one aspect of the present invention, 
there is provided an LED dimmer for dimming control of an 
LED lighting device including a power Switch, a drive Voltage 
Supply and an LED light-emitting unit, wherein, when oper 
ating Zones of the LED lighting device are changed due to 
Switching of the power Switch in response to user manipula 
tion, the LED dimmer selects a different dimming level of an 
operating Zone after Switching of the power Switch (herein 
after, referred to as the “(k+1)" operating Zone", k being a 
positive integer) than the dimming level in an operating Zone 
before switching of the power switch (hereinafter, referred to 
as the "k" operating zone"), and controls luminance of the 
LED light-emitting unit according to the selected dimming 
level in the k" operating zone. 

Preferably, the LED dimmer includes a dimming level 
group consisting of a first dimming level to an n' dimming 
level (n being a positive integer of 2 or higher), which are 
sequentially constructed and stored according to sizes of the 
dimming levels, and sequentially changes the dimming level 
within the dimming level group and controls luminance of the 
LED light-emitting unit in a specific operating Zone accord 
ing to the changed dimming level, as the operating Zones are 
changed due to Switching of the power Switch. 

Preferably, when the power switch is turned on to start the 
k" operating Zone, a target dimming level is set to an i' 
dimming level (i being a positive integer of nor less), and the 
LED dimmer reads the target dimming level, controls lumi 
nance of the LED light-emitting unit according to the i' 
dimming level read as the target dimming level in the k" 
operating Zone, and sets the target dimming level to an (i+1)" 
dimming level immediately after controlling luminance of the 
LED light-emitting unit according to the i' dimming level. 

Preferably, the LED dimmer measures power switch on 
time as soon as the power switch is turned on to start the k" 
operating Zone, and sets the target dimming level to the (i+1)" 
dimming level at a time point that the measured power Switch 
on-time reaches a preset first reference time. 

Preferably, the LED dimmer measures power switch on 
time as soon as the power switch is turned on to start the k" 
operating Zone, and resets the target dimming level, which 
has been set to the (i+1)" dimming level, to the i' dimming 
level at a time point that the measured power Switch on-time 
reaches a preset second reference time. 

Preferably, the LED dimmer measures power switch on 
time as soon as the power switch is turned on to start the k" 
operating Zone, sets the target dimming level to the (i+1)" 
dimming level at a time point that the measured power Switch 
on-time reaches a preset first reference time, and resets the 
target dimming level, which has been set to the (i+1)" dim 
ming level, to the i' dimming level at a time point that the 
measured power Switch on-time reaches a preset second ref 
erence time, wherein the second reference time is greater than 
the first reference time. 

In accordance with another aspect of the present invention, 
there is provided an LED lighting device, which includes: a 
power Switch connected between an AC power Source and a 
rectification unit and selectively outputting AC Voltage Sup 
plied from the AC power source in response to user manipu 
lation; a drive Voltage Supply connected to the power Switch, 
generating drive Voltage through rectification of the AC Volt 
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age output through the power Switch, and outputting the drive 
Voltage to an LED light-emitting unit and an LED dimmer; 
the LED dimmer selecting a different dimming level of an 
operating Zone after Switching of the power Switch (herein 
after, referred to as the “(k+1)" operating Zone", k being a 
positive integer) than the dimming level in an operating Zone 
before switching of the power switch (hereinafter, referred to 
as the "k" operating Zone"), and controlling luminance of the 
LED light-emitting unit according to the selected dimming 
level in the k" operating Zone, when operating Zones of the 
LED lighting device are changed due to Switching of the 
power Switch in response to user manipulation; and the LED 
light-emitting unit emitting light under control of the LED 
dimmer. 

Preferably, the drive voltage supply includes a rectification 
unit performing full-wave rectification of the AC voltage and 
outputting a full-wave rectified voltage to the LED light 
emitting unit and the LED dimmer. 

Preferably, the LED dimmer includes a dimming level 
group consisting of a first dimming level to ann" dimming 
level (n being a positive integer of 2 or higher), which are 
sequentially constructed and stored according to sizes of the 
dimming levels, and sequentially changes the dimming level 
within the dimming level group and controls luminance of the 
LED light-emitting unit in a specific operating Zone accord 
ing to the changed dimming level, as the operating Zones are 
changed due to Switching of the power Switch. 

Preferably, when the power switch is turned on to start the 
k" operating Zone, a target dimming level is set to an i” 
dimming level (i being a positive integer of nor less), and the 
LED dimmer reads the target dimming level, controls lumi 
nance of the LED light-emitting unit according to the i' 
dimming level read as the target dimming level in the k" 
operating Zone, and sets the target dimming level to an (i+1)" 
dimming level immediately after controlling luminance of the 
LED light-emitting unit according to the i' dimming level. 

Preferably, the LED dimmer measures power switch on 
time as soon as the power switch is turned on to start the k" 
operating Zone, and sets the target dimming level to the (i+1)" 
dimming level at a time point that the measured power Switch 
on-time reaches a preset first reference time. 

Preferably, the LED dimmer measures power switch on 
time as soon as the power switch is turned on to start the k" 
operating Zone, and resets the target dimming level, which 
has been set to the (i+1)" dimming level, to the i' dimming 
level at a time point that the measured power Switch on-time 
reaches a preset second reference time. 

Preferably, the LED dimmer measures power switch on 
time as soon as the power switch is turned on to start the k" 
operating Zone, sets the target dimming level to the (i+1)" 
dimming level at a time point that the measured power Switch 
on-time reaches a preset first reference time, and resets the 
target dimming level, which has been set to the (i+1)" dim 
ming level, to the i' dimming level at a time point that the 
measured power Switch on-time reaches a preset second ref 
erence time. 

In accordance with a further aspect of the present inven 
tion, there is provided a control method for dimming control 
of an LED light emitting device including a power Switch, a 
drive Voltage Supply, an LED dimmer, and an LED light 
emitting unit, which includes: (a) determining whether the 
power Switch is turned on in response to user manipulation; 
(b) when the power Switch is turned on, reading a preset target 
dimming level and starting control of luminance of the LED 
light-emitting unit according to the read dimming level to 
start a k" operating Zone (k being a positive integer); (c) 
changing the target dimming level to a dimming level next to 
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6 
the read dimming level, immediately after starting control of 
luminance of the LED light-emitting unit; and (d) determin 
ing whether the power switch is turned offin response to user 
manipulation, and finishing the k" operating Zone when it is 
determined that the power switch is turned off, wherein the 
target dimming level changed and set in Step (c) becomes a 
dimming level in a (k+1)" operating Zone. 

Preferably, the LED dimmer includes a dimming level 
group consisting of a first dimming level to ann" dimming 
level (n being a positive integer of 2 or higher), which are 
sequentially constructed and stored according to sizes of the 
dimming levels, and the method further includes: sequen 
tially changing the dimming level within the dimming level 
group and controlling luminance of the LED light-emitting 
unit in a specific operating Zone according to the changed 
dimming level, as the operating Zones are changed due to 
Switching of the power Switch by performing Steps (a) to (d). 

Preferably, when a (k-1)" operating Zone preceding Step 
(a) is finished, the target dimming level is set to ani" dimming 
level (ibeing a positive integer of nor less) in the k" operating 
Zone, Step (b) includes reading the target dimming level when 
thek" operating Zone starts, and starting controlofluminance 
of the LED light-emitting unit according to the i' dimming 
level read as the target dimming level, and Step (b) includes 
setting the target dimming level to an (i+1)" dimming level. 

Preferably, Step (b) includes measuring power switch on 
time as soon as the power switch is turned on to start the k" 
operating Zone, and Step (c) includes setting the target dim 
ming level to the (i+1)" dimming level at a time point that the 
measured power Switch on-time reaches a preset first refer 
ence time. 

Preferably, Step (b) includes measuring power switch on 
time as soon as the power switch is turned on to start the k" 
operating Zone, and Step (c) includes resetting the target 
dimming level, which has been set to the (i+1)" dimming 
level, to thei" dimming levelata timepoint that the measured 
power Switch on-time reaches a preset second reference time. 

Preferably, Step (b) includes measuring power switch on 
time as soon as the power switch is turned on to start the k" 
operating Zone, and Step (c) includes (c-1) setting the target 
dimming level to the (i+1)" dimming levelata time point that 
the measured power Switch on-time reaches a preset first 
reference time, and (c-2) resetting the target dimming level. 
which has been set to the (i+1)" dimming level, to the i' 
dimming level at a time point that the measured power Switch 
on-time reaches a preset second reference time, wherein the 
second reference time is longer than the first reference time. 

According to the present invention, it is possible to achieve 
efficient luminance control of the LED lighting device using 
a non-dial-type Switch. 

In addition, according to the present invention, since there 
is no need for separate sensing operation during off-time, 
there can be an advantageous effect of providing an LED 
lighting device that does not require a separate off-time power 
Source for Supplying drive power to a control signal genera 
tion unit, which performs luminance control of the LED 
lighting device, during off-time. 

Further, according to the present invention, there can be an 
advantageous effect of providing an LED lighting device that 
measures on-time of the LED lighting device to maintain 
user-preferred luminance through automatic determination of 
the user-preferred luminance. 
The present invention is not limited to these effects, and 

other effects not mentioned above will become apparent to 
those skilled in the art from the following detailed description 
of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of one example of an LED 
lighting device in the related art. 

FIG. 2 is a schematic block diagram of an LED lighting 
device according to one embodiment of the present invention. 

FIG. 3 is a block diagram of an LED lighting device 
according to a first embodiment of the present invention. 

FIG. 4 is a circuit diagram of the LED lighting device 
according to the first embodiment of the invention, illustrat 
ing operation of an AC power Supply, a control signal gen 
eration unit, and an operation current setting unit. 

FIG. 5 is a block diagram of the control signal generation 
unit according to the first embodiment of the invention. 

FIG. 6 is a state view illustrating operation of the control 
signal generation unit according to the first embodiment of 
the invention. 

FIG. 7 is a timing view illustrating operation of the LED 
lighting device according to the first embodiment of the 
invention. 

FIG. 8 is a block diagram of an LED lighting device 
according to a second embodiment of the present invention. 

FIG. 9 is a circuit diagram of the LED lighting device 
according to the second embodiment of the invention, illus 
trating operation of a control signal generation unit and an 
operation current setting unit. 

FIG. 10 is a state view illustrating operation of the control 
signal generation unit according to the second embodiment of 
the invention. 

FIG. 11 is a timing view illustrating operation of the LED 
lighting device according to the second embodiment of the 
invention. 

FIG. 12 is a flowchart illustrating a dimming control pro 
cess of an LED lighting device according to one exemplary 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

The present invention will be described more fully herein 
after with reference to the accompanying drawings, in which 
exemplary embodiments of the invention are illustrated. 
These embodiments will be described such that the invention 
can be easily realized by a person having ordinary knowledge 
in the art. Here, although various embodiments are disclosed 
herein, it should be understood that these embodiments are 
not intended to be exclusive. For example, individual struc 
tures, elements or features of a particular embodiment are not 
limited to that particular embodiment and can be applied to 
other embodiments without departing from the spirit and 
scope of the invention. In addition, it should be understood 
that locations or arrangements of individual components in 
each of the embodiments may be changed without departing 
from the spirit and scope of the present invention. Therefore, 
the following embodiments are not to be construed as limiting 
the invention, and the present invention should be limited 
only by the claims and equivalents thereof. Like components 
having the same or similar functions will be denoted by like 
reference numerals. 
Now, exemplary embodiments of the invention will be 

described in detail with reference to the accompanying draw 
ings so as to be easily realized by a person having ordinary 
knowledge in the art. 

EXEMPLARY EMBODIMENTS OF THE 
PRESENT INVENTION 

As used herein, the term “operating Zone' of an LED 
lighting device means a Zone from a time point that a power 
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8 
switch is turned on and rectified voltage is supplied to an LED 
light-emitting unit in response to user manipulation to a time 
point that the power switch is turned off and the rectified 
Voltage is not Supplied to the LED light-emitting unit in 
response to user manipulation. That is, in embodiments of the 
present invention, the term “operating Zone' of the LED 
lighting device means a time Zone in which the LED light 
emitting unit of the LED lighting device is turned on and then 
turned off once in response to user manipulation. Thus, the 
term "current operating Zone' means a state that the power 
switch is turned on and the LED lighting device is currently 
being driven, and the term “next operating Zone' means a 
Zone from a time point that the power switch is turned off and 
driving of the LED lighting device is stopped to a time point 
that the power Switch is turned on again and driving of the 
LED lighting device is resumed, with reference to the “cur 
rent operating Zone'. In addition, as used herein, the terms 
“first operating Zone' and “second operating Zone' are used 
as concepts for distinguishing a temporal sequence of the 
operating Zones instead of defining operations Zones at spe 
cific time points or in specific Zones. Thus, with reference to 
the first operating Zone, the second operating Zone means an 
operating Zone following the first operating Zone, and with 
reference to the second operating Zone, the first operating 
Zone means an operation preceding the second operating Zone 
in time. 

Further, as used herein, “switching of a power switch' 
means that the power switch is turned on and then turned off 
in response to user manipulation. Accordingly, once Switch 
ing of the power Switch means that the power Switch is turned 
on once and then turned off once, and twice Switching of the 
power switch means that the power switch is turned on once 
and then turned off once after once switching of the power 
Switch. Accordingly, the operating Zones of the LED lighting 
device are distinguished from each other by switching of the 
power switch. 

Further, as used herein, the term “target dimming level 
means a dimming level referred to as a dimming level in a 
certain operating Zone upon start of the corresponding Zone, 
that is, at a time point that the power Switch is turned on from 
an off state to allow power supply to the LED lighting device 
in response to user manipulation. Namely, the LED lighting 
device according to the present invention controls luminance 
of the LED light-emitting unit according to the dimming 
level, which is determined by reading once the target dim 
ming level set at a time point that the power Switch is turned 
on to Supply power in response to user manipulation, that is, 
at a time point that a new operating Zone starts, and then 
determining the read target dimming level as the dimming 
level for the corresponding operating Zone. Accordingly, even 
when the target dimming level is changed after dimming 
control starts in the corresponding operating Zone, there is no 
influence on the dimming level of the corresponding operat 
ing Zone, and the changed target dimming level affects the 
dimming level of the next operating Zone. 

Further, as used herein, the term “power switch on-time 
T” means a period of time from a time point that the power 
Switch is turned on in response to user manipulation to a time 
point that the power switch is turned off again. Thus, the term 
"power Switch on-time' is the same concept as the operation 
time of the LED lighting device for the “operating Zone of 
the LED lighting device, and may be compatibly used herein. 

Further, as used herein, the term “first reference time T' 
means a critical power Switch on-time for setting the dimming 
level of the next operating Zone, that is, the target dimming 
level, to be different from the dimming level of the current 
operating Zone. 
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Further, as used herein, the term "second reference time 
T” means a critical power Switch on-time for setting the 
dimming level of the next operating Zone, that is, the target 
dimming level, to be the same as the dimming level of the 
current operating Zone. Preferably, the second reference time 
T is set to be longer than the first reference time T. 

Further, it should be understood that, as used herein, the 
terms “first”, “second, and “third are only used to distin 
guish components from one another instead of defining the 
components. 

Further, as used herein, terms such as V1,V2, V3, ..., t1, 
t2, t3 . . . . and the like are relative values indicating certain 
Voltages, certain time points, and the like to distinguish from 
one another, and are not used to indicate absolute values. 

Overview of LED Lighting Device According to One 
Embodiment of the Present Invention 

FIG. 2 is a schematic block diagram of an LED lighting 
device according to one embodiment of the present invention. 
First, an luminance control function of an LED lighting 
device 1000 according to the present invention will be briefly 
described with reference to FIG. 2. The present invention is 
aimed at allowing a user to control luminance of the LED 
lighting device 1000 simply and intuitively by manipulating 
only the power switch 110. That is, the LED lighting device 
1000 according to the present invention may be configured to 
perform dimming control by recognizing Switching of the 
power Switch 110 in response to user manipulation as a kind 
of dimming control command. On the other hand, although 
the present invention will hereinafter be described with ref 
erence to the LED lighting device employing an LED as a 
light source for convenience of description and better under 
standing, it should be understood that the present invention is 
not limited to the LED lighting device 1000 and may also be 
applied to various lighting devices employing various light 
sources, and it will be apparent to those skilled in the art that 
Such modifications, changes and alterations fall within the 
spirit and scope of the present invention. 
To perform such a function, the LED lighting device 1000 

according to the present invention may include the power 
switch 110, a drive voltage supply 200, an LED dimmer 900, 
and an LED light-emitting unit 600. 

According to the present invention, the power switch 110 is 
placed between an AC power Source V, and the drive Voltage 
Supply 200, and is turned on/offin response to user manipu 
lation Such that AC Voltage V, can be selectively supplied 
from the AC power Source V, to the drive Voltage Supply 
200. As such a power switch 110, any one of various non 
dial-type switches may be used. Herein, for convenience of 
description and better understanding, the present invention 
will be described with reference to embodiments wherein the 
power switch 110 is realized by a latch type switch. However, 
it should be understood that the present invention is not lim 
ited thereto. 

According to the present invention, the drive Voltage Sup 
ply 200 converts AC voltage V supplied from the AC power 
source V, through the power switch 110 into drive voltage 
suited to driving of the LED light-emitting unit 600, and 
supplies the converted drive voltage to the LED dimmer 900 
and the LED light-emitting unit 600. As such a drive voltage 
Supply 200, one of drive Voltage Supply circuits such as an 
SMPS circuit, a half-wave rectification circuit, a full-wave 
rectification circuit, and the like, which are well-known in the 
art, may be employed as needed. Herein, for convenience of 
description and better understanding, the present invention 
will be described with reference to embodiments wherein the 
drive voltage supply 200 is composed of four diodes. How 
ever, it should be understood that the present invention is not 
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10 
limited thereto and any features including the Subject matter 
of the present invention fall within the scope of the present 
invention irrespective of the configuration of the drive voltage 
supply 200. Accordingly, the present invention will be 
described with reference to embodiments wherein rectified 
Voltage V, is Supplied as the drive Voltage to the LED light 
emitting unit 600. 

According to the present invention, the LED light-emitting 
unit 600 may include at least one LED and emit light when 
receiving the drive voltage from the drive voltage supply 200. 
In addition, the LED light-emitting unit 600 allows drive 
current I to be controlled by the LED dimmer 900 such that 
luminance of the LED light-emitting unit 600 can be con 
trolled. 

According to the present invention, the LED dimmer 900 
perform dimming control by recognizing a Switching mode of 
the power Switch 110 in response to user manipulation as a 
kind of dimming control command with respect to the LED 
lighting device 1000 and controlling the drive current I 
flowing through the LED light-emitting unit 600 according to 
the recognized dimming control command. Hereinafter, a 
dimming control method of the LED dimmer 900 according 
to the present invention will be described in more detail. 

Fundamental Dimming Control Algorithm of LED Dim 
mer 900 According to the Present Invention 

Fundamentally, the LED dimmer 900 according to the 
present invention changes a dimming level of the LED light 
ing device 1000 each time that the power switch 110 is 
switched in response to user manipulation. Namely, the LED 
dimmer 900 changes the dimming level of the LED lighting 
device 1000 each time that the LED lighting device 1000 is 
turned off and then turn on again. Since luminance of the LED 
lighting device 1000 is controlled to a different dimming level 
by the LED dimmer 900 each time that the LED lighting 
device 1000 is turned off and then turn on again, when a user 
wants to change luminance of the LED lighting device 1000, 
it is possible to select a target dimming level by Switching the 
power switch 110 until the dimming level reaches the target 
dimming level (that is, by manipulating the power Switch to 
turn off and then turn on the LED lighting device 1000. 
To perform this function, the LED dimmer 900 according 

to the present invention stores n (n being a positive integer of 
2 or higher) dimming levels, and controls the dimming level 
of the LED lighting device 1000 by selecting a different 
dimming level according to a predetermined algorithm each 
time that the LED lighting device 1000 is turned off and then 
turn on again according to Switching of the power Switch 110. 
More specifically, the n dimming levels are sequentially con 
structed depending upon the sizes of the dimming levels and 
stored in the LED dimmer 900, and the LED dimmer 900 
selects a dimming level next to a dimming level of a previous 
operating Zone among then dimming levels sequentially con 
structed and stored therein and controls the dimming level of 
the LED lighting device 1000 in a current operating Zone 
according to the selected dimming level, each time that the 
LED lighting device 1000 is turned off and then turn on again 
according to Switching of the power Switch 110 in response to 
user manipulation. 

Although Such a dimming control algorithm can be real 
ized in various ways, the LED dimmer 900 according to one 
embodiment of the invention may perform dimming control 
of the LED lighting device 1000 according to the dimming 
control algorithm described hereinafter. When the power 
Switch 110 is turned on in response to user manipulation, the 
LED dimmer 900 reads a preset target dimming level and 
performs dimming control according to the read target dim 
ming level. Accordingly, the target dimming level read upon 
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turn-on of the power switch 110 becomes the dimming level 
of the current operating Zone and is not changed until the 
power switch 110 is turned off. On the other hand, when 
dimming control starts according to the target dimming level 
(that is, when the LED dimmer 900 starts dimming control of 5 
the LED lighting device 1000 according to the target dim 
ming level), the LED dimmer 900 sets and stores a dimming 
level next to the dimming level of the current operating Zone 
as the target dimming level in the next operating Zone. 
Accordingly, when the power switch 110 is turned off to 
finish the current operating Zone in response to user manipu 
lation and is then turned on to start the next operating Zone in 
response to user manipulation, the LED dimmer 900 controls 
luminance of the LED lighting device 1000 for the corre 
sponding operating Zone according to the target dimming 
level stored therein. By way of example, assume an embodi 
ment in which the LED dimmer 900 according to the present 
invention stores a first dimming level (100% of maximum 
luminance), a second dimming level (50% of maximum lumi 
nance), and a third dimming level (5% of maximum lumi 
nance) and can perform dimming control in three stages of the 
first to third dimming levels. In addition, assume that the 
power switch 110 is in an off state and the target dimming 
level is set to the first dimming level. In this case, when the 
power Switch 110 is turned on in response to user manipula 
tion, rectified voltage V, is supplied to the LED dimmer 900 
and the LED light-emitting unit 600, whereby the LED dim 
mer 900 starts to operate and the LED lighting device 1000 
enters a new operating Zone. The LED dimmer 900 reads a 
preset target dimming level. Here, since the current target 
dimming level is the first dimming level, the LED dimmer 900 
determines the first dimming level as the dimming level of the 
current operating Zone and controls LED drive current I 
such that the LED light-emitting unit 600 can be driven 
according to the first dimming level, thereby performing dim 
ming control of the LED lighting device 1000. Dimming 
control according to the first dimming level is performed until 
the power switch 110 is turned offin response to user manipu 
lation to finish the current operating Zone. In addition, as soon 
as (or immediately after) dimming control starts according to 
the first dimming level, the LED dimmer 900 sets the second 
dimming level, which is next to the first dimming level cor 
responding to the dimming level of the current operating 
Zone, as the target dimming level. Thus, at a time point that the 
power switch 110 is turned off to finish the corresponding 
operating Zone in response to user manipulation, the target 
dimming level stored in the LED dimmer 900 becomes the 
second dimming level. As a result, when the power switch 110 
is turned on again in response to user manipulation (that is, 
when the next operating Zone starts), the LED dimmer 900 
controls luminance of the LED lighting device 1000 accord 
ing to the second dimming level set as the target dimming 
level. Likewise, when the power switch 110 is turned on with 
the target dimming level set to the second dimming level, the 
LED dimmer 900 determines the second dimming level as the 
dimming level of the current operating Zone and performs 
dimming control, while changing the target dimming level to 
the third dimming level. Further, when the power switch 110 
is turned on with the target dimming level set to the third 
dimming level, the LED dimmer 900 determines the third 
dimming level as the dimming level of the current operating 
Zone and performs dimming control, while changing the tar 
get dimming level to the first dimming level. In this way, the 
LED dimmer 900 according to the present invention may 
perform dimming control of the LED lighting device 1000 
according to the different dimming levels for the respective 
operating Zones, when the operating Zones of the LED light 
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ing device 1000 are changed (that is, when the LED lighting 
device 1000 is turned off and then turned on again) according 
to switching of the power switch 110 (that is, according to 
switching operation of the power switch 110 by which the 
power switch 110 is turned on again after a predetermined 
period of time elapses from a time point that the power switch 
is turned off in response to user manipulation. On the other 
hand, in the LED lighting device 1000 constructed as 
described above, since the dimming levels of the LED light 
ing device 1000 are changed only by switching of the power 
switch 110, there is no need for a separate timer for measuring 
power switch on-time (that is, operating time of the LED 
lighting device), thereby simplifying the structure of the LED 
lighting device 1000. 

Algorithm for Effective Switching Determination of LED 
Dimmer 900 According to the Present Invention 
On the other hand, the LED dimmer 900 according to the 

present invention may prevent excessively rapid Switching of 
the power switch 110 from being recognized as an effective 
dimming control command. This structure of the LED dim 
mer is provided to prevent damage to various components 
inside the LED lighting device 1000 due to rapid power 
Switching while maintaining current luminance, for example, 
in the event that misbehaving children rapidly switch the 
power switch 110. 
To provide such a function, the LED dimmer 900 according 

to the present invention measures power Switch on-time T, 
for which the power switch 110 is maintained in an on state 
after the power switch 110 is turned on in response to user 
manipulation, and sets/stores a target dimming level in the 
next operating Zone as the next dimming level following the 
current dimming level of the LED lighting device 1000 only 
in the case where the measured power switch on-time T is 
greater than or equal to a preset first reference time T. 
Thus, when the power switch is turned offin a state that the 
power Switch on-time T is less than the first reference time 
T, the current dimming level of the LED lighting device 
1000 is maintained as the target dimming level, and thus the 
LED dimmer 900 controls luminance of the LED lighting 
device 1000 according to the same dimming level as that of 
the previous operating Zone in the next operating Zone. On the 
other hand, when the power switch is turned offin a state that 
the power Switch on-time T is greater than or equal to the 
first reference time T, the next dimming level following 
the current dimming level of the LED lighting device 1000 is 
set/stored as the target dimming level at a time point that the 
power switch on-time T, reaches the preset first reference 
time T, and thus the LED dimmer 900 controls the lumi 
nance of the LED lighting device 1000 according to the next 
dimming level following the dimming level of the previous 
operating Zone in the next operating Zone. By way of 
example, in the case where the power Switch on-time Ton is 
less than the first reference time T in a state that dimming 
control of the LED lighting device 1000 is performed accord 
ing to the first dimming level, when the power switch 110 is 
turned off, the LED dimmer 900 maintains the first dimming 
level as the target dimming level of the next operating Zone 
instead of changing the target dimming level to the second 
dimming level, since the power Switch on-time T, does not 
reach the first reference time T. Accordingly, when the 
power Switch 110 is turned on again to start the next operating 
Zone, the LED dimmer 900 performs dimming control of the 
LED lighting device 1000 according to the first dimming level 
set as the target dimming level. On the other hand, when the 
power Switch on-time Treaches the first reference time T. 
in the state that dimming control of the LED lighting device 
1000 is performed according to the first dimming level, the 
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LED dimmer 900 changes the target dimming level of the 
next operating Zone from the first dimming level correspond 
ing to the dimming level of the current operating Zone to the 
second dimming level next to the first dimming level, and 
stores the second dimming level. Accordingly, when the 
power switch 110 is turned off at a time point that the power 
Switch on-time T is greater than or equal to the first refer 
ence time T, the LED lighting device 1000 is turned offin 
a state that the target dimming level is set to the second 
dimming level by the LED dimmer 900. Thus, when the 
power Switch 110 is turned on again to start the next operating 
Zone in response to user manipulation, the LED dimmer 900 
performs dimming control of the LED lighting device 1000 
according to the second dimming level set as the target dim 
ming level, whereby dimming control is performed according 
to the dimming level of the current operating Zone that is 
different from that of the previous operating Zone. 

Preferred Illumination Determination Algorithm of LED 
Dimmer 900 According to the Present Invention 
On the other hand, the LED dimmer 900 may discriminate 

and maintain user-preferred luminance in the next operating 
Zone irrespective of switching of the power switch 110. When 
a user maintains specific luminance for a long period of time, 
this luminance can be intuitively regarded as user-preferred 
luminance. Thus, in consideration of Such characteristic, the 
LED dimmer 900 according to the present invention may 
identify and maintain user-preferred luminance. That is, 
when the power switch on-time T is greater than or equal to 
a preset second reference time T, the LED dimmer 900 
according to the present invention maintains the dimming 
level of the current operating Zone as the target dimming level 
of the next operating Zone, thereby allowing dimming control 
of the LED lighting device 1000 to be performed according to 
the same dimming level as that of the current operating Zone 
even in the next operating Zone. 
By way of example, as in the aforementioned embodiment 

in which the LED dimmer 900 may perform three stages of 
dimming control including the first dimming level to the third 
dimming level, assume that the current power switch 110 is 
turned off and the target dimming level is set to the first 
dimming level. In this case, when the power switch 110 is 
turned on in response to user manipulation, the rectified Volt 
age V, is supplied to the LED dimmer 900 and the LED 
light-emitting unit 600, whereby the LED dimmer 900 starts 
to operate. Then, the LED dimmer 900 reads the target dim 
ming level, which is set to the first dimming level, and deter 
mines the first dimming level as the dimming level of the 
current operating Zone, and controls dimming of the LED 
lighting device 1000 according to the first dimming level. At 
the same time, the LED dimmer 900 changes and sets the 
target dimming level to the second dimming level, and starts 
to measure the power Switch on-time Ton by operating a 
timer. When the power switch on-time Treaches the second 
reference time T, the LED dimmer 900 determines the 
dimming level of the current operating Zone, that is, the first 
dimming level, as user-preferred luminance, and changes and 
sets the target dimming level, which has been set to the second 
dimming level, to the first dimming level again. Accordingly, 
when the power switch 110 is turned off in response to user 
manipulation at a time point that the power Switch on-time 
Ton is greater than or equal to the second reference time T. 
the target dimming level set at this time point becomes the 
first dimming level, which is the dimming level of the current 
operating Zone. Thus, when the power Switch is turned on 
again to start the next operating Zone, the LED dimmer 900 
controls luminance of the LED lighting device 1000 accord 
ing to the first dimming level, which is the dimming level of 
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the previous operating Zone. On the other hand, when the 
power switch 110 is turned off in response to user manipula 
tion at a time point that the power Switch on-time Ton is less 
than the second reference time T, the target dimming level 
set at this time point becomes the second dimming level. 
which is next to the first dimming level corresponding to the 
dimming level of the current operating Zone. Accordingly, in 
this case, when the power Switch is turned on again to start the 
next operating Zone, the LED dimmer 900 controls luminance 
of the LED lighting device 1000 according to the second 
dimming level, which is next to the first dimming level cor 
responding to the dimming level of the previous operating 
Zone. In this way, the LED dimmer 900 according to the 
present invention may determine user-preferred luminance 
and may maintain the dimming level of the current operating 
Zone even in the next operating Zone when the dimming level 
of the current operating Zone is the user-preferred luminance. 

In the above description, a dimming control algorithm of 
the LED dimmer 900 based on once switching of the power 
switch 110 has been described. However, the LED dimmer 
900 according to the present invention may analyze various 
switching modes of the power switch 110 and perform dim 
ming control of the LED lighting device 1000 by recognizing 
the analyzed Switching modes of the power Switch as user 
dimming control input. For example, when Switching of the 
power switch 110 is repeated a preset number of times in 
response to user manipulation within a third preset reference 
time, the LED dimmer 900 may recognize such a switching 
mode of the power switch 110 as dimming control input for 
transition to a preset specific dimming level, and may allow 
unconditional transition to the preset dimming level. That is, 
the most important technical feature of the LED dimmer 900 
according to the present invention is in that the Switching 
modes of the power switch 110 (a time point of switching, 
power Switch on-time, the number of Switching times, and the 
like) in response to user manipulation may be used as the user 
dimming control input. Here, it should be noted that the user 
dimming control input according to the Switching modes may 
be constructed in various ways, as needed. Accordingly, it 
will be apparent to those skilled in the art that various modi 
fications and changes fall within the scope of the present 
invention so long as the modifications and changes maintain 
the Subject matter of the present invention by employing the 
switching modes of the power switch 110 as the user dimming 
control input. 

Next, referring to FIG. 3 to FIG. 12, exemplary embodi 
ments of the LED dimmer 900 according to the present inven 
tion and the LED lighting device 1000 including the same will 
be described in detail. For convenience of description and 
better understanding, the following description will be pro 
vided with reference to the embodiment wherein the LED 
dimmer 900 performs three stages of dimming control includ 
ing first to third dimming levels, and performs dimming con 
trol through all of the fundamental dimming control algo 
rithm by switching of the power switch 110, the effective 
Switching determination algorithm and the preferred lumi 
nance determination algorithm. However, it will be apparent 
to those skilled in the art that the LED dimmer 900 according 
to the present invention may perform dimming control using 
the fundamental dimming control algorithm alone, perform 
dimming control using only the fundamental dimming con 
trol algorithm and the effective Switching determinationalgo 
rithm, or perform dimming control using only the fundamen 
tal dimming control algorithm and the preferred luminance 
determination algorithm. 

Configuration and Function of LED Lighting Device 
According to First Embodiment of the Present Invention 
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FIG. 3 is a block diagram of an LED lighting device 1000 
according to a first embodiment of the present invention. An 
LED dimmer 900 according to the first embodiment of the 
invention may generate and output a pulse width modulated 
signal having a certain duty ratio according to a dimming 
level as a dimming control signal (Sset). The LED dimmer 
900 has similar functions to those of the LED dimmer 
described with reference to FIG. 2. 
As shown in FIG. 3, the LED lighting device 1000 accord 

ing to this embodiment may include an AC power supply 100, 
a rectification unit 200, the LED dimmer 900, and an LED 
light-emitting unit 600. In addition, according to the first 
embodiment, the LED dimmer 900 may include a DC power 
supply 300, a control signal generation unit 400, and an 
operation current setting unit 500. 
The AC power supply 100 may include a power switch 110. 

As described above, the power switch 110 is placed between 
an AC power source V, and the rectification unit 200 and is 
turned on/turned off in response to user manipulation Such 
that AC voltage Vin can be selectively supplied from the AC 
power source V, to the rectification unit 200. The AC power 
Source V may be a general domestic power source, an 
industrial power source, or an AC power Source passing 
through a particular power controller. For example, the AC 
power source V may be a general domestic power Source 
having an RMS value of 220V at a frequency of 60 Hz. In 
addition, the power switch 110 may be realized in various 
ways. For example, on/off operation of the power Switch may 
be performed directly by a user or may be performed in a 
specific mode by a predetermined mechanism included in the 
power switch. When performed in the specific mode, the 
operation of the power switch may be realized through a 
separate sensor for sensing Surrounding luminance and the 
like. Herein, a latch type switch will be described as the power 
Switch 110. 
By the on/off operation power switch 110, AC power is 

supplied to a first node N1 which corresponds to an output 
terminal of the AC power supply 100 for a specific period of 
time. That is, while the power switch 110 is maintained in an 
on state, an AC power waveform is provided to the first node 
N1. If the power switch 110 is turned off in response to user 
manipulation, Supply of the AC power is blocked. 

In addition, a fuse 120 may be further disposed between the 
power switch 110 and the first node N1. The fuse 120 prevents 
damage to the LED lighting device 1000 due to overcurrent. 
Further, although not shown in the drawings, the AC power 
supply 100 may include various circuit protection elements 
and/or protective circuits, such as an EMI filter, a barrister, 
and the like. 
The rectification unit 200 may be a full-wave rectification 

circuit composed of four diodes D1 to D4, as shown in FIG.3. 
The rectification unit 200 performs full-wave rectification of 
the AC voltage Vin and outputs a full-wave rectified voltage 
V to the LED dimmer 900 and the LED light-emitting unit 
600. Accordingly, when the AC Voltage V has a sine wave 
form, the rectification unit 200 outputs only the voltage of a 
positive voltage level through full wave rectification. That is, 
the Voltage of a positive Voltage level is provided to a second 
node N2 that corresponds to an output terminal of the recti 
fication unit 200. Here, the output of the rectification unit 200 
follows the output of the AC power supply 100 in terms of 
timing. That is, only while the power switch 110 of the AC 
power supply 100 is in an on state, the rectification unit 200 
performs full-wave rectification of the AC voltage output 
from the AC power supply 100. 
The DC power supply 300 and the LED light-emitting unit 

600 are connected in parallel to the second node N2 corre 
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sponding to the output terminal of the rectification unit 200 to 
receive the rectified voltage V, from the rectification unit 
2OO. 
As described above, the LED dimmer 900 according to the 

first embodiment may include the DC power supply 300, the 
control signal generation unit 400, and the operation current 
setting unit 500. 
The DC power supply 300 constituting part of the LED 

dimmer 900 reduces a voltage level of the rectified voltage 
V, which is input to drive the LED dimmer 900, such that 
the rectified voltage becomes DC voltage VDD generally 
having a smooth voltage level. The DC voltage VDD output 
from the DC power supply 300 is supplied as drive voltage to 
the control signal generation unit 400. 

In addition, the control signal generation unit 400 receives 
the DC voltage VDD from the DC power supply 300. Further, 
the control signal generation unit 400 generates a dimming 
control signal S according to a selected dimming level. 
Dimming control signal S output from the control signal 
generation unit 400 according to the first embodiment is 
provided in the form of a pulse width modulated signal. 

Specifically, as described in FIG. 2, the control signal gen 
eration unit 400 according to the first embodiment may deter 
mine a dimming level of the current operating Zone based on 
switching of the power switch 110 in response to user 
manipulation, generate dimming control signal S, based on 
the determined dimming level, and output dimming control 
signal S. to the operation current setting unit 500. More 
specifically, the control signal generation unit 400 may gen 
erate and output dimming control signal S according to a 
different dimming level to the operation current setting unit 
500 each time that the power switch 110 is switched in 
response to user manipulation (that is, each time that the 
power switch 110 is turned off from an on state to finish the 
first operating Zone in response to user manipulation and then 
turned on to start the second operating Zone in response to 
user manipulation). Here, it should be noted that the first 
operating Zone and the second operating Zone are used as 
concepts for distinguishing a temporal sequence of the oper 
ating Zones instead of defining operations Zones at specific 
time points or in specific Zones. Thus, when Switching of the 
power switch 110 is performed in response to user manipu 
lation while the control signal generation unit 400 controls 
the dimming level of the LED lighting device 1000 according 
to the first dimming level in the first operating Zone, the 
control signal generation unit 400 may control the dimming 
level of the LED lighting device according to the second 
dimming level in the second operating Zone. In addition, as 
described above, the control signal generation unit 400 may 
further determine whether the switching operation of the 
power switch 110 is valid or invalid based on the first refer 
ence time T to determine whether to change the dimming 
level. Further, as described above, the control signal genera 
tion unit 400 according to the present invention may further 
determine user-preferred luminance based on the second ref 
erence time T and may determine whether to change the 
dimming level based on the determination result. A detailed 
operation of the control signal generation unit 400 according 
to the present invention will be described below with refer 
ence to FIG.S to FIG 7. 
Dimming control signal Segenerated by the control signal 

generation unit 400 is input to the operation current setting 
unit 500. The operation current setting unit 500 sets drive 
current I of the LED light-emitting unit 600 in response to 
the input dimming control signal S. To this end, the opera 
tion current setting unit 500 is electrically connected to a 
cathode of the light-emitting unit 600. 
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The LED light-emitting unit 600 may include at least one 
light emitting element. Particularly, the LED light-emitting 
unit 600 may include an LED and may be realized in a 
structure in which a plurality of LEDs is connected to each 
other in series, in parallel, or in a combination of series and 
parallel. Further, although FIG. 3 shows that a single opera 
tion current setting unit 500 is provided to a single LED 
light-emitting unit 600, the single operation current setting 
unit 500 may be provided to two or more LED light-emitting 
units 600. Further, a plurality of LED light-emitting units 600 
may be arranged in parallel such that the operation current 
setting unit 500 may be provided to cathodes of the LED 
light-emitting units 600, respectively. 
The LED light-emitting unit 600 receives voltage of the 

second node N2 corresponding to the output terminal of the 
rectification unit 200 and emits light, luminance of which 
corresponds to the drive current I set by the operation cur 
rent setting unit 500. 

FIG. 4 is a circuit diagram of the LED lighting device 
according to the first embodiment of the invention, illustrat 
ing operation of the DC power supply 300, the control signal 
generation unit 400 and the operation current setting unit 500. 

Referring to FIG. 4, the DC power supply 300 acts as a 
voltage regulator. The DC power supply 300 is used to supply 
operation power of the control signal generation unit 400 and 
may be implemented by any configuration capable of gener 
ating DC voltage. 
As shown in FIG.4, the DC power supply 300 may include 

two resistors R1, R2, a Zener diode DZ, a transistor Q1, and a 
capacitor C1. The voltage of the second node N2 correspond 
ing to the output terminal of the rectification unit 200 is 
applied to the resistors R1, R2. The resistor R1 is connected 
between the second node N2 and a third node N3, and the 
resistor R2 is connected between the second node N2 and the 
transistor Q1. In addition, the Zener diode DZ is connected 
between the third node N3 and ground. The transistor Q1 is 
connected between the resistor R2 and a fourth node N4, and 
a gate of the transistor is connected to the third node N3. The 
transistor Q1 may be composed of an n-type MOSFET. The 
capacitor C1 is placed between the fourth node N4 and 
ground. 
When voltage from the rectification unit 200 to the transis 

tor Q1 is greater than or equal to a threshold Voltage of the 
transistor Q1, the transistor Q1 is turned on and a current 
passage is formed through the second node N2, the resistor 
R2, the transistor Q1 and the capacitor C1. As a result, a 

Dimming level of 

first operating Zone T. <Tel 

First dimming level 
Second dimming 
level 
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The aforementioned operation is continued until the volt 

age level at the fourth node N4 corresponding to a source of 
the transistor Q1 reaches a breakdown voltage of the Zener 
diode DZ. That is, even at the breakdown voltage of the Zener 
diode DZ, the transistor Q1 is turned on and the voltage level 
at the fourth node N4 corresponding to one electrode of the 
capacitor C1 is a value obtained by subtracting the threshold 
voltage from the breakdown voltage. As the transistor Q1 is 
turned on, charge accumulation at the fourth node N4 is 
continued, whereby the voltage at the fourth node N4 
increases and the transistor Q1 is turned off. Accordingly, 
additional charge accumulation does not occur in the capaci 
tor C1. As a result, the voltage level at the fourth node N4 
becomes a value obtained by subtracting the threshold volt 
age of the transistor Q1 from the breakdown voltage of the 
Zener diode DZ. 

If the second node N2 is floated or has a ground level, 
additional charge accumulation does not occur at the fourth 
node N4 and the transistor Q1 is also turned off. Accordingly, 
the voltage at the fourth node N4 is caused by electric charges 
accumulated upon turn-on of the transistor Q1. In addition, 
when the power switch 110 of the AC power supply 100 is 
turned off, the voltage level at the third node N3 is less than 
the ground level or the breakdown voltage. 
The aforementioned operation refers to limiting operation 

for maintaining an applied Voltage at a constant level. Accord 
ingly, any circuit configuration capable of performing the 
Voltage regulating or limiting operation may be used as the 
DC power supply 300 according to the present invention. 

In addition, an output voltage of the DC power supply 300 
may be used as the drive voltage VDD of the control signal 
generation unit 400. 
On the other hand, Table 1 shows relationship between a 

dimming level of the current operating Zone (first operating 
Zone) of the LED lighting device 1000 in operation and a 
dimming level of the next operating Zone (second operating 
Zone) of the LED lighting device 1000 based on the power 
Switch on-time T, the first reference time T and the 
second reference time T. In addition, FIG. 6 is a state view 
illustrating operation of the control signal generation unit 
according to the first embodiment of the invention, and FIG. 
7 is a timing view illustrating operation of the LED lighting 
device according to the first embodiment of the invention. 

Next, the dimming control algorithm of the control signal 
generation unit 400 according to the present invention will be 
described in more detail with reference to FIG. 6 and FIG. 7. 

TABLE 1 

Dinning level of second operating Zone 

Tsefi s Ton < Tser2 Tset2 s Ton 

First dimming level 
Second dimming level 

Second dimming level 
Third dimming level 

First dimming level 
Second dimming 
level 
Third dimming level Third dimming level First dimming level 

In Table 1, the power switch on-time T, refers to a tem 
lation of electric charges. In addition, Voltage reduction 60 poral length of the first operating Zone of the LED lighting 
occurs in the resistor R2 and current flowing through the 
transistor Q1 corresponds to the reduced voltage, whereby 
electric charges are accumulated in the capacitor C1. In this 
operation, the resistor R2 may be used as an element for 
Voltage reduction and may prevent application of high Voltage 
or peak Voltage to a drain of the transistor Q1 through Voltage 
reduction. 

65 

device 1000. That is, in Table 1, the power switch on-time T. 
means a period of time from a time point that the power Switch 
110 is turned on to start the first operating Zone in response to 
user manipulation to a time point that the power switch 110 is 
turned off to finish the first operating Zone in response to user 
manipulation. As shown in Table 1, the dimming level of the 
second operating Zone is determined based on the dimming 
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level of the first operating Zone and the power switch on-time 
T, in the first operating Zone. 

Hereinafter, the dimming control algorithm of the control 
signal generation unit 400 will be described with reference to 
the case where the dimming level of the first operating Zone is 
the first dimming level. Here, the expression the dimming 
level of the first operating Zone is the first dimming level 
means that the power switch 110 is turned offin a state that the 
first dimming level is set as the target dimming level of the 
first operating Zone in an operating Zone preceding the first 
operating Zone. Accordingly, in this state, that is, in the state 
that the target dimming level is set to the first dimming level. 
when the power switch 110 is turned on to supply the drive 
Voltage to the control signal generation unit 400 in response to 
user manipulation, the control signal generation unit 400 
reads the target dimming level. Here, since the target dim 
ming level is set to the first dimming level, the control signal 
generation unit 400 generates a dimming control signal S. 
corresponding to the first dimming leveland outputs dimming 
control signal S. to the operation current setting unit 500, 
thereby performing dimming control of the LED lighting 
device 1000 for the first operating Zone. In addition, at the 
same time, the control signal generation unit 400 starts to 
measure the power switch on-time T. When the measured 
power Switch on-time T, reaches the first reference time 
T, the control signal generation unit 400 sets the target 
dimming level to the second dimming level corresponding to 
the dimming level next to the first dimming level that is the 
current dimming level. That is, at a time point that the power 
Switch on-time T, reaches the first reference time T, the 
target dimming level in the second operating Zone is set 
differently from the dimming level of the first operating Zone. 
Accordingly, when the power switch 110 is turned off to 
finish the first operating Zone at a time point that the power 
Switch on-time T is less than the first reference time T. 
the target dimming level at a time point of starting the first 
operating Zone and the target dimming level at a time point of 
finishing the first operating Zone are the same first dimming 
level. Accordingly, in this case, even when the power Switch 
110 is turned on again to start the second operating Zone in 
response to user manipulation, the control signal generation 
unit 400 performs dimming control of the LED lighting 
device 1000 in the second operating Zone according to the 
first dimming level as in the first operating Zone. On the other 
hand, when the power switch 110 is turned off to finish the 
first operating Zone at a time point that the power Switch 
on-time T is greater than or equal to the first reference time 
T and less than the second reference time T, the target 
dimming level at the time point of starting the first operating 
Zone is the first dimming level and the target dimming level at 
the time point of finishing the first operating Zone is the 
second dimming level, and thus are different from each other. 
Accordingly, in this case, when the power switch 110 is 
turned on again to start the second operating Zone in response 
to user manipulation, the control signal generation unit 400 
performs dimming control of the LED lighting device 1000 in 
the second operating Zone according to the second dimming 
level, which is the target dimming level at the time point of 
finishing the first operating Zone. In addition, when the first 
operating Zone is continued until the power Switch on-time 
Treaches the second reference time T, the control signal 
generation unit 400 determines the dimming level of the first 
operating Zone as user-preferred luminance. Thus, the control 
signal generation unit 400 changes and sets the target dim 
ming level, which has been set to the second dimming level. 
to the current dimming level, that is, the first dimming level. 
Accordingly, when the power switch 110 is turned off to 
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finish the first operating Zone at a time point that the power 
Switch on-time T is greater than or equal to the second 
reference time T, the target dimming level at the time point 
of starting the first operating Zone and the target dimming 
level at the time point of finishing the first operating Zone are 
the same first dimming level. Accordingly, in this case, even 
when the power switch 110 is turned on again to start the 
second operating Zone in response to user manipulation, the 
control signal generation unit 400 performs dimming control 
of the LED lighting device 1000 in the second operating Zone 
according to the first dimming level as in the first operating 
Zone. When the dimming level of the first operating Zone is 
the second dimming level and the dimming level of the first 
operating Zone is the third dimming level, the control signal 
generation unit 400 performs dimming control in a similar 
manner. FIG. 6 schematically shows a target dimming level 
setting algorithm of the control signal generation unit 400 
according to the first embodiment of the invention. On the 
other hand, FIG. 7 shows six operating Zones including a first 
operating Zone (t1-t2), a second operating Zone (t3-t4), a 
third operating Zone (tS-tó), a fourth operating Zone (t7-t8), 
a fifth operating Zone (t9-t10) and a sixth operating Zone 
(t11-t12), a voltage level of the first node (N1), an operation 
state of the power Switch 110, a dimming control signal S. 
output from the control signal generation unit 400 in a corre 
sponding operating Zone, control Voltage V, and the like. In 
the timing view of FIG. 7, the target dimming level of the first 
operating Zone is set to the first dimming level. Thus, when 
the power switch 110 is turned on to start the first operating 
Zone in response to user manipulation at a time point t1, the 
control signal generation unit 400 generates and outputs a 
dimming control signal S, which corresponds to the first 
dimming level set as the target dimming level, to the operation 
current setting unit 500. As described above, dimming control 
signal S output from the control signal generation unit 400 
is a pulse width modulated signal having a predetermined 
duty ratio corresponding to the dimming level. Since the first 
dimming level is a dimming level corresponding to 100% of 
maximum luminance, the pulse width modulated signal out 
put from the control signal generation unit 400 has a duty ratio 
of 100%. In addition, at the time point t1, the power switch 
on-time T starts to be measured. At a time point t2, the 
power switch 110 is turned off in response to user manipula 
tion, whereby the first operating Zone is finished. Since the 
power Switch on-time T of the first operating Zone is greater 
than or equal to the first reference time T and less than the 
second reference time T, the target dimming level at the 
time point of finishing the first operating Zone is the second 
dimming level. Accordingly, at a time point t3, when the 
power Switch 110 is turned on again to start the second oper 
ating Zone in response to user manipulation, the control signal 
generation unit 400 generates and outputs dimming control 
signal S, which corresponds to the second dimming level 
set as the target dimming level, to the operation current setting 
unit 500. As can be seen from FIG. 7, dimming control signal 
S. output from the control signal generation unit 400 in the 
second operating Zone is a pulse width modulated signal 
having a duty ratio of 50%, which corresponds to the second 
dimming level. Accordingly, in the second operating Zone, 
dimming control of the LED lighting device 1000 is per 
formed according to the second dimming level. As shown in 
FIG. 7, since the power switch on-time T of the second 
operating Zone is greater than or equal to the first reference 
time T and less than the second reference time T, the 
target dimming level at a time point tA that the second oper 
ating Zone is finished is the third dimming level. Accordingly, 
in the third operating Zone, dimming control of the LED 
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lighting device 1000 is performed according to the third dim 
ming level. Further, as shown in the drawing, since the power 
Switch on-time T of the third operating Zone is greater than 
or equal to the first reference time T and less than the 
second reference time T, the target dimming level at a time 
point to that the third operating Zone is finished is the first 
dimming level. Accordingly, in the fourth operating Zone, 
dimming control of the LED lighting device 1000 is per 
formed according to the first dimming level. On the other 
hand, unlike the first operating Zone to the third operating 
Zone, the power Switch on-time T, in the fourth operating 
Zone is greater than or equal to the second reference time 
T. Accordingly, based on the aforementioned algorithm, 
the dimming level of the fourth operating Zone, that is, the first 
dimming level, is determined as user-preferred luminance, 
and the first dimming level is maintained as the target dim 
ming level at a time point t8 that the fourth operating Zone is 
finished. Accordingly, in the fifth operating Zone, dimming 
control of the LED lighting device 1000 is performed accord 
ing to the first dimming level as in the fourth operating Zone. 
Further, unlike the first operating Zone to the fourth operating 
Zone, the power Switch on-time T, in the fifth operating Zone 
is less than the first reference time T. Accordingly, at a time 
point t10 that the fifth operating Zone is finished, the first 
dimming level is maintained as the target dimming level. As 
a result, in the sixth operating Zone, dimming control of the 
LED lighting device 1000 is performed according to the first 
dimming level as in the fifth operating Zone. 

Referring again to FIG. 4, the operation current setting unit 
500 according to the present invention may receive dimming 
control signal S output from the control signal generation 
unit 400 and set the drive current I of the LED light-emitting 
unit 600. The operation current setting unit 500 may include 
a control voltage generator 510 and a current driver 520. 
The control voltage generator 510 includes a resistor R3 

and a capacitor C2. In some embodiments, the control Voltage 
generator may omit the resistor R3. However, when dimming 
control signal S is provided in the form of the pulse width 
modulated signal and includes high frequencies, the resistor 
R3 enables filtering of the high frequencies. Thus, a prede 
termined level of control voltage V, is generated at a fifth node 
N5. The control voltage V, is applied to the current driver 520. 
By operation of the current driver 520, dimming control 

signal S, which is the pulse width modulated signal, is 
changed to a predetermined level of DC voltage. Here, the 
control voltage V, at the fifth node N5 is determined according 
to the duty ratio of dimming control signal S which is the 
pulse width modulated signal. A high duty ratio will provide 
a high level of control voltage V, through charge accumula 
tion in the capacitor C2 and a low duty ratio will provide a low 
level of control voltage V. 
The current driver 520 receives the control voltage V, and 

determines the drive current I of the LED light-emitting unit 
600. To perform such a function, the current driver 520 may 
include a linear amplifier 521, a drive transistor Qdr, and a 
drive resistor Rdr. The control voltage V, is applied to a 
non-inverting input terminal of the linear amplifier 521 and a 
Voltage at a sixth node N6 is applied to an inverting input 
terminal thereof. The drive transistor Qdr is connected 
between the LED light-emitting unit 600 and the sixth node 
N6. A gate of the drive transistor Qdris connected to an output 
terminal of the linear amplifier 521. In addition, the drive 
resistor Rdr is connected between the sixth node N6 and 
ground. 

If a certain level of control voltage V, is applied and the 
voltage at the sixth node N6 has a lower voltage level than the 
control voltage V, the linear amplifier 521 outputs a positive 
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voltage level, whereby the drive transistor Qdr is turned on. 
Accordingly, the drive current I flowing through the drive 
transistor Qdr increases. As the drive current I, increases, the 
voltage at the sixth node N6 is increased by the drive resistor 
Rdr. Increase in voltage at the sixth node N6 is continued until 
the Voltage becomes Substantially the same as the control 
voltage V, That is, the voltage at the sixth node N6 follows the 
control Voltage V, 

Alternatively, the linear amplifier 521 may be replaced by 
a comparator. 

Consequently, the control Voltage V, determines the Volt 
age at the sixth node N6 and determines the drive current I 
through the drive resistor Rdr. The drive current I flowing 
through the drive transistor Qdr is V/R. 

For example, in Table 1, the control Voltage V, according to 
the first dimming level has a high Voltage level, which gen 
erates a high drive current I. In addition, the control Voltage 
V, according to the second dimming level has a lower Voltage 
level than the first dimming level of the control voltage V, 
whereby the drive current It is also reduced, thereby reduc 
ing luminance of the LED light-emitting unit 600. Likewise, 
the control Voltage V, according to the third dimming level 
has a lower voltage level than the first dimming level and the 
second dimming level of the control voltage Vt, whereby the 
drive current It is also reduced, thereby reducing luminance 
of the LED light-emitting unit 600. 

FIG. 5 is a block diagram of the control signal generation 
unit 400 according to the first embodiment of the invention. 
Referring to FIG. 5, the control signal generation unit 400 
may include an internal power source 410, a memory 420, a 
central processing unit 430, an internal clock generator 440, a 
timer 450, a pulse width modulator 460, and an input/output 
unit 470. 
The internal power source 410 receives and regulates DC 

voltage VDD output from the DC power supply 300. The 
regulated voltage VDDL is used as internal power of the 
control signal generation unit. In some embodiments, the 
control signal generation unit may omit the internal power 
source 410. 
The memory 420 stores and outputs a target dimming level 

under control of the central processing unit 430. Thus, the 
target dimming level is stored at a specific address in the 
memory by writing, or may be output therefrom by reading in 
response to an access signal of the central processing unit 
430. Such a memory 420 may be realized by an electrically 
erasable programmable read-only memory (EEPROM) 
which can store information even when power is not supplied 
thereto. 
The central processing unit 430 receives a clock signal 

from the internal clock generator 440 and performs determi 
nation and processing operation with respect to the target 
dimming level. In addition, the central processing unit 
receives time information from the timer 450 and uses the 
time information in processing and determination of the tar 
get dimming level. Particularly, the central processing unit 
430 accesses the memory 420 to write or read the dimming 
level in the memory 420. 
The internal clock generator 440 generates a clock signal 

of the control signal generation unit. The generated clock 
signal is individually supplied to the memory 420, the central 
processing unit 430, the timer 450, the pulse width modulator 
460 and the input/output unit 470, or may be supplied to the 
respective elements as different clocks in a processed form 
through the central processing unit 430. 
The timer 450 measures time through a counter circuit and 

the like. Particularly, in this embodiment, the timer 450 mea 
Sures power Switch on-time T, which is a period of time for d 
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which power is supplied by turning on the power switch. The 
time information is input into the central processing unit 430. 

The pulse width modulator 460 performs pulse width 
modulation based on a dimming level input from the central 
processing unit 430, and generates/outputs a dimming control 
signal S, the pulse width of which is modulated. Such pulse 
width modulation may be performed through adjustment of 
the duty ratio under the same frequency conditions. 

Further, the input/output unit 470 outputs dimming control 
signal S in the form of a digital signal based on control 
information input from the central processing unit 430. In this 
embodiment, operation of the input/output unit 470 may be 
disabled by the central processing unit 430. As the input/ 
output unit 470 is disabled, the pulse width modulator 460 
may be enabled. 

In the memory 420, a target dimming level for generating a 
dimming control signal S with respect to a certain operating 
Zone upon turn-on of the power switch 110, that is, upon start 
of the corresponding operating Zone, is stored. The central 
processing unit 430 sends an access signal of a read command 
and determines the target dimming level output from the 
memory 420. 
The central processing unit 430 compares power Switch 

on-time T input from the timer 450 with a preset first ref 
erence time T and a preset second reference time T. 

If the power switch on-time T, measured by the timer 450 
is less than the first reference time T, the central processing 
unit 430 maintains the target dimming level stored in the 
memory 420. When the power switch on-time T, measured 
by the timer 450 reaches the first reference time T, the 
central processing unit 430 changes the target dimming level 
stored in the memory 420 to a dimming level next to the 
dimming level of the current operating Zone and stores the 
changed dimming level. Further, when the power Switch on 
time T, measured by the timer 450 reaches the second ref 
erence time T, the central processing unit 430 again 
changes the target dimming level stored in the memory 420 
from the dimming level next to the dimming level of the 
current operating Zone to the dimming level of the current 
operating Zone, and stores and maintains the dimming level of 
the current operating Zone as the target dimming level. This 
operation is carried out as shown in Table 1. 
The aforementioned operation may be realized in various 

ways. 
For example, at each of specific addresses of the memory 

420, corresponding dimming levels are constructed and 
stored. Specifically, a first dimming level corresponding to a 
duty ratio of 100% is stored in a first address; a second 
dimming level corresponding to a duty ratio of 50% is stored 
in a second address; and a third dimming level corresponding 
to a duty ratio of 5% is stored in a third address. As a result, the 
target dimming level may be set in Sucha way that an address 
is designated for a specific dimming level. 

For example, it is assumed that a target dimming level is 
stored at the first address at a time point offinishing a previous 
operating Zone. When the power switch 110 is turned on to 
start an operating Zone, the central processing unit 430 
accesses the first address and outputs the dimming level 
stored at the first address as the dimming level of the current 
operating Zone. The power Switch on-time T, measured by 
the timer 450 is compared with the first reference time T. 
and the second reference time T by the central processing 
unit 430 and it is determined based on the comparison result 
whether to change the address for setting the target dimming 
level. When the power switch 110 is turned off in a state that 
the power Switch on-time T is greater than or equal to the 
first reference time T and less than the second reference 
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time T, the target dimming level at a time point that the 
power switch 110 is turned off is set to the second address at 
which the second dimming level is stored. Accordingly, when 
the power Switch 110 is turned on again in response to user 
manipulation, the central processing unit 430 accesses the 
second address. On the other hand, when the power switch 
110 is turned offin a state that the power switch on-time T. 
is less than the first reference time T or is greater than or 
equal to the second reference time T, the target dimming 
level at the time point that the power switch 110 is turned off 
is maintained at the first address at which the first dimming 
level is stored. Accordingly, when the power switch 110 is 
turned on again in response to user manipulation, the central 
processing unit 430 accesses the first address. 
The control signal generation unit 400 as described above 

may be provided in the form of a Micro Control Unit (MCU), 
which is provided in the form of a chip through a semicon 
ductor process. In addition, enable signals may be input to the 
control signal generation unit 400. The enable signals applied 
from the outside may activate or inactivate the overall opera 
tion of the control signal generation unit 400. 

In addition, when the central processing unit 430 accesses 
the memory 420 in the control signal generation unit 400, the 
target dimming level may be written and stored in the memory 
420 by changing the address of the memory 420 in each 
writing operation. With this structure, it is possible to avoid 
reduction in lifespan of products due to repeated writing 
operations in the memory 420. For example, the target dim 
ming level may be stored in a first bank or a first block of the 
memory 420 in the first writing operation and may be stored 
in a second bank or a second block of the memory 420 in the 
second writing operation. 
As described above, in the LED lighting device 1000 

according to the first embodiment of the invention, luminance 
of the LED light-emitting unit 600 may be adjusted by con 
trolling the pulse width or duty ratio of dimming control 
signal Soutput from the control signal generation unit 400. 
In addition, as the operating Zone is changed by Switching of 
the power Switch 110 in response to user manipulation, cur 
rent flowing through the LED light-emitting unit 600 is dif 
ferently set, thereby allowing luminance control of the LED 
light-emitting unit 600. On the other hand, according to the 
first embodiment of the invention, the LED dimmer 900 is 
configured to control luminance of the LED light-emitting 
unit 600 by outputting dimming control signal S. to the 
operation current setting unit 500 in the form of the pulse 
width modulated signal. However, in some embodiments, the 
control signal generation unit 400 may output analog Voltage 
for directly controlling the gate voltage of the drive transistor 
Qdr. When the control signal generation unit 400 is realized in 
this way, the control voltage generator 510 may be omitted 
among the components shown in FIG. 4. 

Configuration and Function of LED Lighting Device 
According to Second Embodiment of the Present Invention 

FIG. 8 is a block diagram of an LED lighting device 1000 
according to a second embodiment of the present invention. 
An LED dimmer 900 according to the second embodiment of 
the invention and the LED lighting device 1000 including the 
same are distinguished from those of the first embodiment in 
that the LED dimmer according to the second embodiment is 
configured to output a dimming control signal Sin the form 
of a digital signal capable of controlling driving of a plurality 
of transistors according to a dimming level. However, it 
should be noted that the dimming control algorithm of the 
LED dimmer 900 according to the second embodiment is 
substantially the same as that of the LED dimmer 900 
described with reference to FIG. 2 and that of the LED dim 
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mer 900 according to the first embodiment described with 
reference to FIG.3 to FIG. 7. Thus, the following descriptions 
of the LED dimmer 900 and the LED lighting device 1000 
according to the second embodiment will focus on difference 
features from those of the LED lighting device 1000 accord 
ing to the first embodiment, and a repeated description will be 
omitted. 

Referring to FIG. 8, the LED lighting device 1000 accord 
ing to the second embodiment of the invention may include an 
AC power supply 100, a rectification unit 200, the LED dim 
mer')00, and an LED light-emitting unit 600. In addition, the 
LED dimmer 900 according to the second embodiment of the 
invention may include a DC power supply 300, a control 
signal generation unit 700 and an operation current setting 
unit 800. Construction and functions of the AC power supply 
100, the rectification unit 200, the DC power supply 300, the 
LED light-emitting unit 600 and the LED dimmer 900 are the 
same as those of the corresponding components of the LED 
lighting device 1000 according to the first embodiment, and 
thus will be referred to the descriptions of the corresponding 
components of the LED lighting device 1000 according to the 
first embodiment. 
The control signal generation unit 700 receives DC voltage 

VDD from the DC power supply 300. In addition, the control 
signal generation unit 700 generates a dimming control signal 
S. corresponding to a selected dimming level. Dimming 
control signal S output from the control signal generation 
unit 700 according to the second embodiment is input to the 
operation current setting unit 800. At this time, dimming 
control signal S output from the control signal generation 
unit 700 is provided in the form of a signal capable of con 
trolling on/off operation of at least one transistor constituting 
the operation current setting unit 800. 

Specifically, like the control signal generation unit 400 
according to the first embodiment, the control signal genera 
tion unit 700 according to the second embodiment may deter 
mine a dimming level of the current operating Zone based on 
switching of the power switch 110 in response to user 
manipulation, generate a dimming control signal S based 
on the determined dimming level, and output dimming con 
trol signal S to the operation current setting unit 800. More 
specifically, the control signal generation unit 700 according 
to this embodiment may generate and output dimming control 
signal Saccording to a different dimming level to the opera 
tion current setting unit 800 each time that the power switch 
110 is Switched in response to user manipulation (that is, each 
time that the power switch 110 is turned off from an on state 
to finish the first operating Zone in response to user manipu 
lation and then turned on to start the second operating Zone in 
response to user manipulation). Here, it should be noted that 
the first operating Zone and the second operating Zone are 
used as concepts for distinguishing a temporal sequence of 
the operating Zones instead of defining operations Zones at 
specific time points or in specific Zones. Thus, when Switch 
ing of the power switch 110 is performed in response to user 

Dimming level of 

first operating Zone T. s. T 

First dimming level 
Second dimming 
level 
Third dimming 
level 

10 

15 

25 

30 

35 

40 

45 

50 

26 
manipulation while the control signal generation unit 700 
controls the dimming level of the LED lighting device 1000 
according to the first dimming level in the first operating Zone, 
the control signal generation unit 700 may control the dim 
ming level of the LED lighting device according to the second 
dimming level in the second operating Zone. In addition, as 
described above, the control signal generation unit 700 
according to the present invention may further determine 
whether the switching operation of the power switch 110 is 
valid or invalid based on a first reference time T to deter 
mine whether to change the dimming level. Further, as 
described above, the control signal generation unit 700 
according to the invention may further determine user-pre 
ferred luminance based on a second reference time T and 
may determine whether to change the dimming level based on 
the determination result. Detailed operation of the control 
signal generation unit 700 according to the present invention 
will be described below with reference to FIG. 10 to FIG. 11. 
The operation current setting unit 800 sets drive current I 

of the LED light-emitting unit 600 in response to the input 
dimming control signal S. To this end, the operation current 
setting unit 800 is electrically connected to a cathode of the 
light-emitting unit 600. Setting of the drive current I by the 
operation current setting unit 800 is achieved by adjusting 
resistance. 

FIG. 9 is a circuit diagram of the LED lighting device 
according to the second embodiment of the invention, illus 
trating operation of the control signal generation unit 700 and 
the operation current setting unit 800. As shown in FIG.9, an 
output voltage of the DC power supply 300 is used as the DC 
voltage VDD of the control signal generation unit 700. 
On the other hand, Table 2 shows relationship between a 

dimming level of the current operating Zone (first operating 
Zone) of the LED lighting device 1000 according to the sec 
ond embodiment and a dimming level of the next operating 
Zone (second operating Zone) of the LED lighting device 
1000 based on the power switch on-time T, the first refer 
ence time T and the second reference time T. Since the 
dimming control algorithm of the control signal generation 
unit 700 according to the second embodiment is substantially 
the same as that of the control signal generation unit 400 
according to the first embodiment, Table 2 is substantially the 
same as Table 1. Therefore, a repeated description will be 
omitted. In addition, Table 3 shows relationship between an 
actual dimming control signal S output from the control 
signal generation unit 700 and luminance of the LED light 
emitting unit 600 according to the target dimming level. Fur 
ther, FIG. 10 is a state view illustrating operation of the 
control signal generation unit according to the second 
embodiment of the invention, and FIG. 7 is a timing view 
illustrating operation of the LED lighting device according to 
the second embodiment of the invention. 

Next, the dimming control algorithm of the control signal 
generation unit 700 according to the second embodiment of 
the invention will be described in more detail with reference 
to Table 2, Table 3, and FIG.9 to FIG. 11. 

TABLE 2 

Dinning level of second operating Zone 

Tsefi s Ton < T set 2 Tser2 s Ton e seil 

First dimming level 
Second dimming 
level 
Third dimming level First dimming level 

Second dimming level 
Third dimming level 

First dimming level 
Second dimming 
level 
Third dimming 
level 
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In Table 2, the power switch on-time T, refers to a tem 
poral length of the first operating Zone of the LED lighting 
device 1000. That is, in Table 2, the power switch on-time T, 
means a period of time from a time point that the power Switch 
110 is turned on to start the first operating Zone in response to 
user manipulation to a time point that the power switch 110 is 
turned off to finish the first operating Zone in response to user 
manipulation. As shown in Table 2, the dimming level of the 
second operating Zone is determined based on the dimming 
level of the first operating Zone and the power switch on-time 
T, in the first operating Zone. 
As shown in Table 2, it can be seen that the dimming level 

of the second operating Zone is set based on the dimming level 
of the first operating Zone and the comparison result of the 
power Switch on-time T, in the first operating Zone with the 
first reference time T and the second reference time T. 
That is, the dimming level set as the target dimming level at a 
time point that the first operating Zone is finished by turning 
off of the power switch 110 in response to user manipulation 
becomes the dimming level of the second operating Zone. 

Accordingly, when the power Switch 110 is turned on again 
to start the second operating Zone in response to user manipu 
lation after a predetermined period of time elapses from the 
time point that the power switch is turned off to finish the first 
operating Zone in response to user manipulation, the control 
signal generation unit 700 according to the second embodi 
ment reads a dimming level set as the target dimming level. 
generates a dimming control signal Ss, for performing dim 
ming control according to the read dimming level in the 
second operating Zone, and outputs dimming control signal 
S. to the operation current setting unit 800. 

Referring to FIG.9, the operation current setting unit 800 
according to the second embodiment may include a control 
voltage generator 810 and a current driver 820. 
The control voltage generator 810 is composed of a plural 

ity of transistors QN0, QN1, QN2 and resistors R4, R5, R6, 
Rb, Rk. Dimming control signals. So, S, Sset 2 are input 
to gates of the transistors QN0, QN1, QN2, respectively. In 
addition, the resistors R4, R5, R6 are connected to drains of 
the transistors QN0, QN1, QN2, respectively. 

The resistors R4, R5, R6 are connected between the drains 
of the transistors and a seventh node N7. The reference resis 
tor Rk is connected between reference voltage Vk and the 
seventh node N7. A reference voltage Vk may be supplied 
from a separate power Supply and may be supplied through 
source voltage of a linear amplifier 821 of the current driver 
820. 

In addition, an equivalent resistor directed from the seventh 
node N7 toward ground may be differently set depending 
upon transistors to be turned on. Control Voltage V, which is 
a voltage at the seventh node N7, is determined by the equiva 
lent resistor directed from the seventh node N7 toward ground 
and the reference resistor Rk disposed between the reference 
voltage Vk and the seventh node N7. This means that the 
transistors QN0, QN1, QN2 are selectively turned on accord 
ing to dimming control signal S and the equivalent resistor 
varies according to an on/off state of the transistors QN0. 
QN1, QN2, whereby the control voltage V, can be controlled. 

Further, a base resistor Rb is connected between the sev 
enth node N7 and ground. The base resistor Rb is also con 
nected between a positive input terminal of the linear ampli 
fier821 and ground. As a result, the base resistor Rb prevents 
the positive input terminal of the linear amplifier 821 from 
being set to a ground level. 

Further, although this embodiment is illustrated as achiev 
ing adjustment of the equivalent resistor directed from the 
seventh node N7 toward ground through on/off control of 
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three transistors, the number of transistors connected to each 
other in parallel may be changed, as needed. In addition, 
values of the resistors connected between the drains of the 
transistors and the seventh node N7 may be set in various 
ways depending upon the value of the reference resistor Rk. 
The current driver 820 receives the control voltage V, and 

determines the drive current I of the LED light-emitting unit 
600. To this end, the current driver includes the linear ampli 
fier 821, a drive transistor Qdr, and a drive resistor Rdr. The 
control Voltage V, is applied to a non-inverting input terminal 
of the linear amplifier821 and a voltage at a sixth node N6 is 
applied to an inverting input terminal thereof. The drive tran 
sistor Qdr is connected between the LED light-emitting unit 
600 and the sixth node N6. A gate of the drive transistor Qdr 
is connected to an output terminal of the linear amplifier821. 
In addition, the drive resistor Rdr is connected between the 
sixth node N6 and ground. 

If a certain level of control voltage V, is applied and the 
voltage at the sixth node N6 has a lower voltage level than the 
control voltage V, the linear amplifier821 outputs a positive 
voltage level, whereby the drive transistor Qdr is turned on. 
Accordingly, the drive current I flowing through the drive 
transistor Qdr increases. When the drive current I, increases, 
the voltage at the sixth node N6 is increased by the drive 
resistor Rdr. Increase in voltage at the sixth node N6 is con 
tinued until the Voltage becomes Substantially the same as the 
control Voltage V. This is a phenomenon in which Voltages at 
two input terminals have substantially the same level due to 
virtual short of an amplifier. That is, the voltage at the sixth 
node N6 follows the control voltage V. 

Consequently, the control Voltage V, determines the Volt 
age at the sixth node N6 and determines the drive current I 
through the drive resistor Rdr. The drive current I flowing 
through the drive transistor Qdr is V/R. 
As described above, the control voltage generator 810 

according to the second embodiment is composed of the 
plurality of transistors. Thus, the control signal generation 
unit 700 and the control voltage generator 810 according to 
the second embodiment are configured to allow the plurality 
of transistors to be selectively turned on/off. Thus, dimming 
control signal S is provided in the form of a Voltage level 
capable of turning on/off the transistors of the operation cur 
rent setting unit 800. That is, dimming control signal S. 
output from the control signal generation unit 700 is provided 
in the form of a high level or low level voltage capable of 
turning on/off the transistors. Accordingly, dimming control 
signal S. may be provided in the form of a digital signal. 
Dimming control signal S having a digital signal form 
selectively turns on/off the transistors of the operation current 
setting unit 800. 
As described above, Table 3 shows the relationship 

between an actual dimming control signal Soutput from the 
control signal generation unit 700 and luminance of the LED 
light-emitting unit 600 according to the target dimming level. 

TABLE 3 

Target 
dimming level set 
upon start of second 
operating Zone 

Dimming control 
signals Se2, Seal, 

So after starting Second 
operating Zone 

Luminance of LED 
light-emitting unit 

100% 
SO% 
59% 

First dimming level 
Second dimming level 
Third dimming level 

(000) 
(001) 
(O11) 

When the power switch 110 is turned on again to start the 
second operating Zone in response to user manipulation after 
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the first operating Zone is finished, the control signal genera 
tion unit 700 reads a dimming level set as the target dimming 
leveland outputs a dimming control signal Scorresponding 
to the dimming level. Thus, as shown in Table 3, when the 
target dimming level set upon start of the second operating 
Zone is the first dimming level, the control signal generation 
unit 700 outputs a dimming control signal "000, which cor 
responds to the first dimming level, to the operation current 
setting unit 800. In this case, since all of the signals So to 
S. are low-level voltages, all three of the transistors QN0 to 
QN2 are turned off. Accordingly, the control voltage V, has 
the highest level. Such a first dimming level is a dimming 
level corresponding to 100% of the maximum luminance of 
the LED light-emitting unit 600. In addition, when the target 
dimming level set upon start of the second operating Zone is 
the second dimming level, the control signal generation unit 
700 outputs a dimming control signal "001, which corre 
sponds to the second dimming level, to the operation current 
setting unit 800. Since the signal So is a high level Voltage 
and the signals S and S are low level Voltages, the 
transistor QNO is turned on and the transistors QN1 to QN2 
are maintained in an off state. Accordingly, the control Volt 
age V, according to the second dimming level becomes lower 
than the control Voltage V, according to the first dimming 
level. Such a second dimming level is a dimming level cor 
responding to 50% of the maximum luminance of the LED 
light-emitting unit 600. Likewise, when the target dimming 
level set upon start of the second operating Zone is the third 
dimming level, the control signal generation unit 700 outputs 
a dimming control signal "011, which corresponds to the 
third dimming level, to the operation current setting unit 800. 
Since the signals So and S are high level Voltages and the 
signal S is a low level voltage, two transistors QN0, QN1 
are turned on and a single transistor QN2 is maintained in an 
off state. Accordingly, the control voltage V, according to the 
third dimming level becomes lower than the control voltage 
V, according to the second dimming level. Such a third dim 
ming level is a dimming level corresponding to 5% of the 
maximum luminance of the LED light-emitting unit 600. 

Furthermore, the control signal generation unit 700 
according to the second embodiment may have Substantially 
the same configuration as that of the control signal generation 
unit according to the first embodiment as shown in FIG. 5. In 
this case, according to the second embodiment, the pulse 
width modulator 460 of FIG. 5 is omitted or disabled. In 
addition, the input/output unit 470 is enabled. 

Based on Such configuration, operation of the control sig 
nal generation unit 700 according to the second embodiment 
will be described with reference to FIG. 5. 

In the memory 420, a target dimming level for generating a 
dimming control signal S. for a certain operating Zone upon 
turn-on of the power switch 110, that is, upon start of the 
corresponding operating Zone, is stored. The central process 
ing unit 430 sends an access signal of a command type, and 
the memory outputs the stored target dimming level to the 
input/output unit 470 in response to the access signal. The 
input/output unit 470 generates and outputs dimming control 
signal S in the form of parallel data. Thus, dimming control 
signal S. may control on/off operation of the transistors of 
the control voltage generator 810 in the form of a digital 
signal. Accordingly, the output control signal S. may be 
provided in the form of a signal having certain bits in a 
parallel structure. 

With respect to the memory which outputs dimming con 
trol information, the central processing unit 430 may perform 
writing operation for a new target dimming level. This opera 
tion is carried out as shown in Tables 2 and 3. Briefly, the 
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central processing unit 430 compares power Switch on-time 
T, input from the timer 450 with a preset first reference time 
T and a preset second reference time T2. 

If the power switch on-time T, measured by the timer 450 
is less than the first reference time T, the central processing 
unit 430 maintains the target dimming level stored in the 
memory 420. When the power switch on-time T, measured 
by the timer 450 reaches the first reference time T, the 
central processing unit 430 changes the target dimming level 
stored in the memory 420 to a dimming level next to the 
dimming level of the current operating Zone and stores the 
changed dimming level. Further, when the power Switch on 
time T, measured by the timer 450 reaches the second ref 
erence time T, the central processing unit 430 again 
changes the target dimming level stored in the memory 420 
from the dimming level next to the dimming level of the 
current operating Zone to the dimming level of the current 
operating Zone, and stores and maintains the dimming level of 
the current operating Zone as the target dimming level. 
On the other hand, as in the first embodiment, the afore 

mentioned operation may be realized in a different way. For 
example, at each of specific addresses of the memory 420, 
corresponding dimming levels are constructed and stored. 
Specifically, a first dimming level corresponding to a duty 
ratio of 100% is stored at a first address; a second dimming 
level corresponding to a duty ratio of 50% is stored at a second 
address; and a third dimming level corresponding to a duty 
ratio of 5% is stored at a third address. As a result, the target 
dimming level may be set in Such a way that an address is 
designated for a specific dimming level. 

For example, it is assumed that a target dimming level is 
stored at the first address at a time point offinishing a previous 
operating Zone. When the power switch 110 is turned on to 
start the operating Zone, the central processing unit 430 
accesses the first address and outputs the dimming level 
stored at the first address as the dimming level of the current 
operating Zone. The power Switch on-time T, measured by 
the timer 450 is compared with the first reference time T. 
and the second reference time T by the central processing 
unit 430 and it is determined according to the comparison 
result whether to change the address for setting the target 
dimming level. When the power switch 110 is turned offin a 
state that the power Switch on-timeT, is greater than or equal 
to the first reference time T and less than the second ref 
erence time T, the target dimming level at a time point that 
the power switch 110 is turned off is set to the second address 
at which the second dimming level is stored. Accordingly, 
when the power Switch 110 is turned on again in response to 
user manipulation, the central processing unit 430 accesses 
the second address. On the other hand, when the power switch 
110 is turned off in a state that the power switch on-time T, 
is less than the first reference time T or is greater than or 
equal to the second reference time T, the target dimming 
level at the time point that the power switch 110 is turned off 
is maintained at the first address in which the first dimming 
level is stored. Accordingly, when the power switch 110 is 
turned on again in response to user manipulation, the central 
processing unit 430 accesses the first address. 

In addition, the control signal generation unit 700 may be 
provided in the form of a Micro Control Unit (MCU), which 
is provided in the form of a chip. Further, enable signals may 
be input to the control signal generation unit 700. The enable 
signals may activate or inactivate the operation of the control 
signal generation unit 700. 

In addition, when the central processing unit 430 accesses 
the memory 420 in the control signal generation unit 700, the 
target dimming level may be written and stored in the memory 
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420 by changing the address of the memory 420 in each 
writing operation. With this structure, it is possible to avoid 
reduction in lifespan of products due to repeated writing 
operations of the memory 420. For example, the target dim 
ming level may be stored in a first bank or a first block of the 
memory 420 in the first writing operation and may be stored 
in a second bank or a second block of the memory 420 in the 
second writing operation. 

FIG.10 schematically shows a target dimming level setting 
algorithm of the control signal generation unit 700 according 
to the second embodiment of the invention. FIG. 11 shows six 
operating Zones including a first operating Zone (t1-t2), a 
second operating Zone (t3-t4), a third operating Zone (tiô-tó), 
a fourth operating Zone (t7-t8), a fifth operating Zone (t9-t10) 
and a sixth operating Zone (t11-t12), a Voltage level of the 
first node (N1), an operation state of the power switch 110, a 
dimming control signal S output from the control signal 
generation unit 400 in a corresponding operating Zone, con 
trol voltage V, and the like. The timing view related to the 
control signal generation unit 400 according to the first 
embodiment shown in FIG. 7 is the same as that of the control 
signal generation unit 700 according to the second embodi 
ment excluding the form of dimming control signal S. and 
thus a repeated description will be omitted. 

In the timing view of FIG. 11, the target dimming level of 
the first operating Zone is set to the first dimming level and is 
stored in the memory. Thus, when the power switch 110 is 
turned on to start the first operating Zone in response to user 
manipulation at a time point t1, the control signal generation 
unit 700 generates and outputs a dimming control signal S. 
which corresponds to the first dimming level set as the target 
dimming level, to the operation current setting unit 800. As 
described above, the control signal generation unit 700 
according to the second embodiment may output dimming 
control signal Sin the form of a digital signal for controlling 
driving of the plurality of transistors. Thus, in some embodi 
ments, the dimming level may be composed of a digital signal 
and stored in the memory. In this case, the first dimming level 
may be a digital signal having a value "000, the second 
dimming level may be a digital signal having a value "001'. 
and the third dimming level may be a digital signal having a 
value "011. When the dimming levels are provided in this 
way, the control signal generation unit 700 may be configured 
to read the target dimming level stored in the memory instead 
of generating dimming control signal S. corresponding to 
the target dimming level and to output the read target dim 
ming level as dimming control signal S. Accordingly, when 
the power switch 110 is turned on to start the first operating 
Zone in response to user manipulation at the time point t1, the 
control signal generation unit 700 outputs the first dimming 
level (000) set as the target dimming level to the operation 
current setting unit 800. In addition, at the time point t1, the 
power Switch on-time T starts to be measured. At a time 
point t2, the power switch 110 is turned offin response to user 
manipulation, whereby the first operating Zone is finished. 
Since the power Switch on-time T of the first operating Zone 
is greater than or equal to the first reference time T and less 
than the second reference time T, the target dimming level 
at the time point of finishing the first operating Zone is the 
second dimming level. Accordingly, at a time point t3, when 
the power switch 110 is turned on again to start the second 
operating Zone in response to user manipulation, the control 
signal generation unit 700 outputs the second dimming level 
(001), which is set as the target dimming level, to the opera 
tion current setting unit 800, as dimming control signal Sset. 
As shown in FIG. 11, since the power switch on-time T of 
the second operating Zone is greater than or equal to the first 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

32 
reference time T and less than the second reference time 
T, the target dimming level at a time point t2 that the 
second operating Zone is finished is the third dimming level. 
Accordingly, in the third operating Zone, dimming control of 
the LED lighting device 1000 is performed according to the 
third dimming level (011). Further, as shown in the drawing, 
since the power Switch on-time T of the third operating Zone 
is greater than or equal to the first reference time T and less 
than the second reference time T, the target dimming level 
at a time point t6 that the third operating Zone is finished is the 
first dimming level. Accordingly, in the fourth operating 
Zone, dimming control of the LED lighting device 1000 is 
performed according to the first dimming level (000). On the 
other hand, unlike the first operating Zone to the third oper 
ating Zone, the power Switch on-time T in the fourth oper 
ating Zone is greater than or equal to the second reference time 
T. Accordingly, based on the aforementioned algorithm, 
the dimming level of the fourth operating Zone, that is, the first 
dimming level (000), is determined as user-preferred lumi 
nance, and the first dimming level (000) is maintained as the 
target dimming level at a time point t8 that the fourth operat 
ing Zone is finished. Accordingly, in the fifth operating Zone, 
dimming control of the LED lighting device 1000 is per 
formed according to the first dimming level (000) as in the 
fourth operating Zone. Further, unlike the first operating Zone 
to the fourth operating Zone, the power Switch on-time T, in 
the fifth operating Zone is less than the first reference time 
T. Accordingly, at a time point t10 that the fifth operating 
Zone is finished, the first dimming level (000) is maintained as 
the target dimming level. As a result, in the sixth operating 
Zone, dimming control of the LED lighting device 1000 is 
performed according to the first dimming level (000) as in the 
fifth operating Zone. 

In this embodiment, luminance control of the LED light 
emitting unit 600 is determined by the switching operation of 
the transistors QN0 to QN2 of the operation current setting 
unit 800. The switching operation of the transistors QN0 to 
QN2 of the operation current setting unit 800 is achieved by 
the control signals So to Sea of the control signal genera 
tion unit 700. 

According to the above two embodiments, dimming con 
trol signal may be provided in the form of a pulse width 
modulated signal or in the form of a gate dimming control 
signal capable of selecting resistance. The pulse width modu 
lated signal sets the level of control voltage and the drive 
current I of the light-emitting unit is determined according 
to the set control voltage. In addition, driver current for driv 
ing the LED light-emitting unit 600 is set according to the 
target dimming level after switching of the power switch 110. 

Example of Dimming Control of LED Lighting Device 
According to One Embodiment of the Present Invention 

FIG. 12 is a flowchart illustrating a dimming control pro 
cess of an LED lighting device according to one exemplary 
embodiment of the present invention. Hereinafter, referring to 
FIG. 12, a dimming control process of the LED lighting 
device 1000 according to the present invention will be 
described in detail. 

For convenience of description and better understanding, 
the embodiment shown in FIG. 12 will be described with 
reference to the LED lighting device 1000 according to the 
first embodiment of the invention, and it is assumed that the 
power switch 110 is turned off and the first operating Zone is 
finished in response to user manipulation immediately before 
S1100, and a target dimming level at a time point of finishing 
the first operating Zone is set to the second dimming level. 

First, the LED dimmer 900 determines whether the power 
Switch 110 is turned on in response to user manipulation 
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(S.110). Various techniques known in the art may be adopted 
to determine whether the power switch 110 is turned on 
and/or turned off. For example, the LED dimmer 900 accord 
ing to the present invention may be configured to detect an 
operation state of the power switch 110 based on whether 5 
rectified Voltage V, is Supplied from the rectification unit 
200. When power supply starts according to a determination 
result in S1100, the LED dimmer 900 reads the preset target 
dimming level and performs luminance control in the corre 
sponding operating Zone, that is, in the second operating 10 
Zone, according to the read target dimming level (S.1102). As 
described above, since the second dimming level is set as the 
target dimming level, the LED dimmer 900 controls lumi 
nance of the LED lighting device 1000 according to the 
second dimming level. At the same time, the LED dimmer 15 
900 starts to measure power switch on-time T, (S1102). 

While the LED lighting device 1000 is driven in the second 
operating Zone, measurement of the power Switch on-time 
T, is continued. The LED dimmer 900 compares the mea 
sured power switch on-time T, with the first reference time 20 
T (S1104), and changes the target dimming level currently 
set to the second dimming level to the third dimming leveland 
stores the third dimming level, when the measured power 
Switch on-time T, reaches the first reference time T. 
(S1108). 25 
On the other hand, the LED dimmer 900 continues to 

determine whether power supply is blocked, that is, whether 
the power switch 110 is turned offin response to user manipu 
lation (S.1106, S1112, S1116). When the power switch 110 is 
turned off to finish the second operating Zone at a time point 30 
that the power switch on-time T is less than the first refer 
ence time T (S1106), the LED dimmer 900 finishes the 
procedure. At this time, the target dimming level at a time 
point of starting the second operating Zone and the target 
dimming level at a time point of finishing the second operat- 35 
ing Zone are the same second dimming level. Accordingly, in 
this case, even when the power switch 110 is turned on again 
to start the third operating Zone in response to user manipu 
lation, the LED dimmer 900 performs dimming control of the 
LED lighting device 1000 in the third operating Zone accord- 40 
ing to the second dimming level, since the target dimming 
level is set to the second dimming level. 
On the other hand, when the power switch 110 is turned off 

to finish the second operating Zone at a time point that the 
power Switch on-time T is greater than or equal to the first 45 
reference time T and less than the second reference time 
T (S1112), the target dimming level at the time point of 
starting the second operating Zone is the second dimming 
level and the target dimming level at the time point of finish 
ing the second operating Zone is the third dimming level, and 50 
thus are different from each other. Accordingly, in this case, 
when the power switch 110 is turned on again to start the third 
operating Zone in response to user manipulation, the LED 
dimmer 900 performs dimming control of the LED lighting 
device 1000 in the third operating Zone according to the third 55 
dimming level, which is the target dimming level at the time 
point of finishing the second operating Zone. 

In addition, when the second operating Zone is continued 
until the power Switch on-time T, reaches the second refer 
ence time T, the LED dimmer 900 determines the dim- 60 
ming level of the second operating Zone as user-preferred 
luminance. Thus, at a time point that the power Switch on 
time T, reaches the second reference time T, the LED 
dimmer 900 changes and sets the target dimming level, which 
has been set to the third dimming level in S1108, to the second 65 
dimming level (S1114). Accordingly, when the power switch 
110 is turned off to finish the second operating Zone at a time 
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point that the power Switch on-time T is greater than or 
equal to the second reference time T (S1116), the target 
dimming level at the time point of starting the second oper 
ating Zone and the target dimming level at the time point of 
finishing the second operating Zone are the same second 
dimming level. Accordingly, in this case, even when the 
power Switch 110 is turned on again to start the third operating 
Zone in response to user manipulation, the LED dimmer 900 
performs dimming control of the LED lighting device 1000 in 
the third operating Zone according to the second dimming 
level as in the second operating Zone. 

Although some embodiments have been described above, 
the present invention is not limited to the aforementioned 
embodiments and features, and various modifications, 
changes, and alterations can be made without departing from 
the spirit and scope of the invention. 
The invention claimed is: 
1. A light-emitting diode (LED) dimmer for an LED light 

ing device, comprising: 
a power Switch; 
a drive Voltage Supply; and 
an LED light-emitting unit, 
wherein, when operating Zones of the LED lighting device 

are changed due to Switching the power Switch; 
the LED dimmer is configured to select a first dimming 

levelof (k+1)" operating Zone after switching the power 
Switch, k being a positive integer, 

the first dimming level being different than a second dim 
ming level of a k" operating zone before switching the 
power Switch; and 

the LED dimmer is configured to controls luminance of the 
LED light-emitting unit according to the second dim 
ming level in the k" operating Zone. 

2. The LED dimmer of claim 1, wherein: 
the LED dimmer further comprises a dimming level group 

comprising a first dimming level to ann" dimming level, 
n being a positive integer of 2 or greater, which are 
sequentially constructed and stored according to sizes of 
the dimming levels; and 

the LED dimmer is configured to sequentially change the 
dimming level within the dimming level group and con 
trol luminance of the LED light-emitting unit in a spe 
cific operating Zone according to the changed dimming 
level, as the operating Zones are changed due to Switch 
ing the power Switch. 

3. The LED dimmer according to claim 2, wherein, when 
the power Switch is turned on to start the k" operating Zone, a 
target dimming level is set to an i' dimming level, i being a 
positive integer of nor less, the LED dimmer is configured to: 

read the target dimming level; 
control luminance of the LED light-emitting unit accord 

ing to the i' dimming level read as the target dimming 
level in the k" operating zone; and 

set the target dimming level to an (i+1)" dimming level 
immediately after controlling luminance of the LED 
light-emitting unit according to the i' dimming level. 

4. The LED dimmer of claim 3, wherein the LED dimmer 
is further configured to: 

measure power Switch on-time as soon as the power Switch 
is turned on to start the k" operating Zone; and 

set the target dimming level to the (i+1)" dimming level at 
a time point that the measured power Switch on-time 
reaches a preset first reference time. 

5. The LED dimmer of claim 3, wherein the LED dimmer 
is further configured to: 

measure power Switch on-time as soon as the power Switch 
is turned on to start the k" operating Zone; and 
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reset the target dimming level, which has been set to the 
(i+1)" dimming level, to the i' dimming level at a time 
point that the measured power Switch on-time reaches a 
preset second reference time. 

6. The LED dimmer of claim 3, wherein the LED dimmer 
is further configured to: 

measure power Switch on-time as soon as the power Switch 
is turned on to start the k" operating Zone: 

set the target dimming level to the (i+1)" dimming level at 
a time point that the measured power Switch on-time 
reaches a preset first reference time; and 

reset the target dimming level, which has been set to the 
(i+1)" dimming level, to the i' dimming level at a time 
point that the measured power Switch on-time reaches a 
preset second reference time, the second reference time 
being greater than the first reference time. 

7. A light-emitting diode (LED) lighting device, compris 
1ng: 

a power Switch connected between an AC power source 
and a rectification unit the power Switch configured to 
selectively output AC voltage supplied from the AC 
power source: 

a drive Voltage Supply connected to the power Switch, the 
drive Voltage Supply configured to generate a drive Volt 
age through treatment of the AC Voltage output through 
the power switch, and output the drive voltage to an LED 
light-emitting unit and an LED dimmer, 

wherein: 
the LED dimmer is configured to select a first dimming 

level of a (k+1)" operating Zone after switching the 
power Switch, k being a positive integer, 

the first dimming level being different than a second dim 
ming level of a k” operating zone before switching the 
power switch; 

the LED dimmer is configured to control luminance of the 
LED light-emitting unit according to the second dim 
ming level in the k" operating Zone, when operating 
Zones of the LED lighting device are changed due to 
Switching the power Switch; and 

the LED light-emitting unit is configured to emit light 
under control of the LED dimmer. 

8. The LED light emitting device of claim 7, wherein the 
drive Voltage Supply comprises a rectification unit configured 
to perform full-wave rectification of the AC voltage and out 
put a full-wave rectified voltage to the LED light-emitting 
unit and the LED dimmer. 

9. The LED light emitting device of claim 7, wherein: 
the LED dimmer further comprises a dimming level group 

comprising a first dimming level to ann" dimming level, 
n being a positive integer of 2 or greater, which are 
sequentially constructed and stored according to sizes of 
the dimming levels; and 

the LED dimmer is configured to sequentially changes the 
dimming level within the dimming level group and con 
trol luminance of the LED light-emitting unit in a spe 
cific operating Zone according to the changed dimming 
level, as the operating Zones are changed due to Switch 
ing the power Switch. 

10. The LED light emitting device of claim 9, wherein, 
when the power switch is turned on to start the k" operating 
Zone, a target dimming level is set to an i' dimming level, i 
being a positive integer of n or less, the LED dimmer is 
configured to: 

read the target dimming level; 
control luminance of the LED light-emitting unit accord 

ing to the i' dimming level read as the target dimming 
level in the k" operating zone; and 

set the target dimming level to an (i+1)" dimming level 
immediately after controlling luminance of the LED 
light-emitting unit according to the i' dimming level. 
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11. The LED light emitting device of claim 10, wherein the 

LED dimmer is further configured to: 
measure power Switch on-time as soon as the power Switch 

is turned on to start the k" operating Zone; and 
set the target dimming level to the (i+1)" dimming level 

that the measured power Switch on-time reaches a preset 
first reference time. 

12. The LED light emitting device of claim 10, wherein the 
LED dimmer is further configured to: 

measure power Switch on-time as soon as the power Switch 
is turned on to start the k" operating Zone; and 

reset the target dimming level, which has been set to the 
(i+1)" dimming level, to the i' dimming level at a time 
point that the measured power Switch on-time reaches a 
preset second reference time. 

13. The LED light emitting device of claim 10, wherein the 
LED dimmer is further configured to: 

measure power Switch on-time as soon as the power Switch 
is turned on to start the k" operating Zone: 

set the target dimming level to the (i+1)" dimming level at 
a time point that the measured power Switch on-time 
reaches a first reference time; and 

reset the target dimming level, which has been set to the 
(i+1)" dimming level, to the i' dimming level at a time 
point that the measured power Switch on-time reaches a 
second reference time, the second reference time being 
greater than the first reference time. 

14. A control method for dimming control of a light-emit 
ting diode (LED) light emitting device, comprising: 

a power Switch; 
a drive Voltage Supply: 
an LED dimmer; and 
an LED light-emitting unit, the method comprising: 
(a) determining whether the power switch is turned on: 
(b) when the power Switch is turned on, reading a target 
dimming level and starting control of luminance of the 
LED light-emitting unit according to the target dimming 
level to start a k" operating Zone, k being a positive 
integer, 

(c) changing the target dimming level to a second dimming 
level next to the target dimming level, immediately after 
starting control of luminance of the LED light-emitting 
unit; and 

(d) determining whether the power switch is turned off, and 
finishing thek" operating zone when the power switchis 
turned off, 

wherein the target dimming level changed and set as the 
second dimming level in Step (c) becomes a target dim 
ming level in a (k+1)" operating Zone. 

15. The control method of claim 14, wherein the LED 
dimmer further comprises a dimming level group comprising 
a first dimming level to an n' dimming level, n being a 
positive integer of 2 or greater, which are sequentially con 
structed and stored according to sizes of the dimming levels, 
and 

the method further comprises: 
sequentially changing the dimming level within the dim 
ming level group and controlling luminance of the LED 
light-emitting unitina specific operating Zone according 
to the changed dimming level, as the operating Zones are 
changed due to Switching the power Switch by perform 
ing Steps (a) to (d). 

16. The control method of claim 15, wherein: 
when a (k-1)" operating zone before Step (a) is finished, 

the target dimming level is set to an i' dimming level, i 
being a positive integer of n or less, in the k" operating 
Zone; 

Step (b) further comprises reading the target dimming level 
when the k" operating Zone is started, and starting con 
trol of luminance of the LED light-emitting unit accord 
ing to the i' dimming level; and 
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Step (c) further comprises setting the target dimming level 
to an (i+1)" dimming level. 

17. The control method of claim 16, wherein: 
Step (b) further comprises measuring power Switch on 

time as soon as the power Switch is turned on to start the 
k" operating Zone; 

Step (c) further comprises setting the target dimming level 
to the (i+1)" dimming level at a time point that the 
measured power Switch on-time reaches a first reference 
time. 

18. The control method of claim 16, wherein: 
Step (b) further comprises measuring power Switch on 

time as soon as the power Switch is turned on to start the 
k" operating Zone; and 

Step (c) further comprises resetting the target dimming 
level, which has been set to the (i+1)" dimming level, to 
the i' dimming level at a time point that the measured 
power Switch on-time reaches a second reference time. 

19. The control method of claim 16, wherein: 
Step (b) further comprises measuring power Switch on 

time as soon as the power Switch is turned on to start the 
k" operating Zone; 

Step (c) further comprises: 
(c-1) setting the target dimming level to the (i+1)" dim 
ming level at a time point that the measured power 
Switch on-time reaches a first reference time; and 

(c-2) resetting the target dimming level, which has been 
set to the (i+1)" dimming level, to the i' dimming 
level at a time point that the measured power switch 
on-time reaches a second reference time, 

the second reference time being longer than the first 
reference time. 
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